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PREFACE 


With the advent of 16-bit microprocessor technology, thorough, concise, and useful 
manuals must be provided to aid designers in development of their systems. This manual 
gives all the key information for design engineers, software architects, and computer 
designers to complete software systems using Motorola’s M68000 Family of 
Microprocessors. 

To facilitate design and for the fullest understanding, each instruction is described in 
detail in bit pattern format. Explicit examples are then shown to more thoroughly 
demonstrate how each instruction will operate. 

This definitive information will allow the easiest and best designing possible. Additional¬ 
ly, the software in this manual will be upward compatible with all future M68000 family 
processors. 


xv 
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SECTION 1 

GENERAL DESCRIPTION 


1.1 INTRODUCTION 

This section contains a general description of the MC68000 Microprocessor. 


1.2 OVERVIEW 

Advances in semiconductor technology have provided the capability to place on a single 
silicon chip a microprocessor at least an order of magnitude higher in performance and 
circuit complexity than has been previously available. The MC68000 is the first of a family 
of such VLSI microprocessors from Motorola. It combines state-of-the-art technology 
and advanced circuit design techniques with computer sciences to achieve an architec¬ 
turally advanced 16-bit microprocessor. The high density of active elements coupled with 
an order of magnitude increase in performance over the original MC6800 is the direct 
result of significant advances in semiconductor technology. Advances such as dry 
plasma etching, projection printing, and HMOS (high-density, short-channel MOS) circuit 
design techniques, shown in Figure 1-1, have provided a sound technological base that 
has allowed Motorola’s system engineers, computer scientists, and marketing engineers 
a large degree of innovative freedom. The goals of applying this innovative freedom to 
microprocessors are to make the microprocessor easy to use, more reliable and more 
flexible for applications, while maximizing performance. 




NMOS = 4128 m 2 


.'.V 


----- 


m 

****** 

Poly Si 

----- 

N + @Vss 




HMOS = 1852.5 m 2 

N + @V0D 1 

N+ Metal 


• Speed-power product four times better than standard NMOS 

• Circuit densities twice standard NMOS 


NMOS*4 Picojoules 
HMOS*1 Picojoule 


Figure 1-1. HMOS Circuit Design Techniques 
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The resources available to the MC68000 user consist of the following: 

• 32-Bit Data and Address Registers 

• 16 Megabyte Direct Addressing Range 

• 56 Powerful Instruction Types 

• Operations on Five Main Data Types 

• Memory Mapped I/O 

• 14 Addressing Modes 

Particular emphasis has been given to the architecture to make it regular with respect to 
the registers, instructions (including all addressing modes), and data types. A consistent 
structure makes the architecture easy to learn and program, and, in the process, reduces 
both the time required to write programs and the space required to store programs. The 
net result is a great reduction in the cost and risk of developing software. 

High system throughput (up to an aggregate of two million instruction and data word 
transfers per second) is achieved even with readily available standard product memories 
with comparatively slow access times. The design flexibility of the data bus allows the 
mixing of slow and fast memories or peripherals, with the processor automatically op¬ 
timizing the transfer rate on every access to keep the system operating at peak efficien¬ 
cy. 

The hardware design of the CPU was heavily influenced by advances made in software 
technology. High-level language compilers as well as code produced from high-level 
languages must run efficiently on the new generation 16-bit and 32-bit microprocessors. 
The MC68000 supports high-level languages with its consistent architecture, multiple 
registers and stacks, large addressing range and high-level language oriented instruc¬ 
tions (LINK, UNLK, CHK, etc.). Also, operating systems for controlling the software 
operating environment of the MC68000 are supported by privileged instructions, memory 
management, a powerful vectored multi-level interrupt and trap structure, and specific in¬ 
structions (MOVEP, MOVEM, TRAP, etc.). 


The processor also provides both hardware and software interlocks for multiprocessor 
systems. The MC68000 contains bus arbitration logic for a shared bus and shared 
memory environment (shared with other MC68000 processors, DMA devices, etc.). 
Multiprocessor systems are also supported with software instructions (TAS — test-and- 
set operand). The MC68000 offers the maximum flexibility for microprocessor-based 
multiprocessor systems. 

Advanced architecture processors must not only offer efficient solutions to large com¬ 
plex problems but must be able to handle the small, simple problems with proportional 
efficiency. The MC68000 has been designed to offer the maximum in performance and 
versatility to solve simple and complex problems efficiently. 

As shown in Figure 1-2, the MC68000 offers seventeen 32-bit registers in addition to the 
32-bit program counter and 16-bit status register. The first eight registers (D0-D7) are 
used as data registers for byte (8-bit), word (16-bit), and long word (32-bit) data operations. 
The second set of seven registers (A0-A6) and the two system stack pointers (A7) may be 
used as software stack pointers and base address registers. In addition, these registers 
may be used for word and long word address operations. All of the seventeen registers 
may be used as index registers. 
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PROGRAMMING MODEL 
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Figure 1-2. Programming Model 


The 24-bit address bus provides a memory addressing range of more than 16 megabytes 
(actually 16,777,216 bytes). This large range of addressing capability, coupled with a 
memory management unit, allows large, modular programs to be developed and 
operated without resorting to cumbersome and time consuming software bookkeeping 
and paging techniques. 

The status register, shown in Figure 1-3, contains the interrupt mask (8 levels available) 
as well as the condition codes: overflow (V), zero (Z), negative (N), carry (C), and extend 
(X). Additional status bits indicate that the processor is in a trace (T) mode and/or in a 
supervisor (S) state. Ample space remains in the status register for future extensions of 
the MC68000 family. 


Five basic data types are supported. These data types are: 

• Bits 

• BCD Digits (4 Bits) 

• Bytes (8 Bits) 

• Words (16 Bits) 

• Long Words (32 Bits) 

In addition, operations on other data types such as memory addresses, status word data, 
etc. are provided for in the instruction set. 
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Figure 1-3. Status Register 


The 14 flexible addressing modes, shown in Table 1-1, include six basic types: 

• Register Direct 

• Register Indirect 

• Absolute 

• Immediate 

• Program Counter Relative 

• implied 

Included in the register indirect addressing modes is the capability to do post¬ 
incrementing, predecrementing, offsetting, and indexing. Program counter relative mode 
can also be modified via indexing and offsetting. 


Table 1-1. Data Addressing Modes 


NOTES: 

EA= Effective Address 
An = Address Register 
Dn = Data Register 

Xn = Address or Data Register used as Index Register 

SR = Status Register 

PC= Program Counter 

dg = 8-bit Offset (displacement) 

di6= 16-bit Offset (displacement) 

N = 1 for Byte, 2 for Words, and 4 for Long Words. 

If An is the stack pointer and the operand size is 
byte, N = 2 to keep the stack pointer on a word 
boundary. 

( ) = Contents of 
*— = Replaces 


Mode 

Generation 

Register Direct Addressing 

Data Register Direct 

Address Register Direct 

C C 

o < 

II II 
< < 
LLJ LU 

Absolute Data Addressing 

Absolute Short 

Absolute Long 

EA= (Next Word) 

EA= (Next Two Words) 

Program Counter Relative Addressing 

Relative with Offset 

Relative with Index and Offset 

EA=(PC) + di6 

EA= (PC) + (Xn) + dg 

Register Indirect Addressing 

Register Indirect 

Postincrement Register Indirect 
Predecrement Register Indirect 

Register Indirect with Offset 

Indexed Register Indirect with Offset 

EA= (An) 

EA=(An), An 4 —An+N 

An An - N, EA = (An) 

EA=(An) + die 

EA=(An) + (Xn) + ds 

Immediate Data Addressing 

Immediate 

Quick Immediate 

DATA= Next Word(s) 
Inherent Data 

Implied Addressing 

Implied Register 

EA= SR, USP, SP, PC 
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The MC68000 instruction set is shown in Table 1-2. Some additional instructions are 
variations or subsets of these and they appear in Table 1-3. Special emphasis has been 
given to the instruction set’s support of structured high-level languages to facilitate ease 
of programming. Each instruction, with few exceptions, operates on bytes, words, and 
long words and most instructions can use any of the 14 addressing modes. Combining in¬ 
struction types, data types, and addressing modes, over 1000 useful instructions are pro¬ 
vided. These instructions include signed and unsigned multiply and divide, “quick” 
arithmetic operations, BCD arithmetic, and expanded operations (through traps). Addi¬ 
tionally, its high-symmetric, proprietary microcoded structure provides a sound, flexible 
base for the future. 


1.3 SOFTWARE DEVELOPMENT 

Many innovative features have been incorporated to make programming easier, faster, 
and more reliable. 


1.3.1 CONSISTENT STRUCTURE. The highly regular structure of the MC68000 greatly 
simplifies the effort required to write programs in assembly language as well as high- 
level languages. Operations on integer data in registers and memory are independent of 
the data. Separate special instructions that operate on byte (8 bit), word (16 bit), and long 
word (32 bit) integers are not necessary. The programmer need only remember one 
mnemonic for each type of operation and then specify data size, source addressing 
mode, and destination addressing mode. This has helped keep the total number of in¬ 
structions small. 

The dual operand nature of many of the instructions significantly increases the flexibility 
and power of the MC68000. Consistency is again maintained since all data registers and 
memory locations may be either a source or destination for most operations on integer 
data. 

The addressing modes have been kept simple without sacrificing efficiency. All fourteen 
addressing modes operate consistently and are independent of the instruction operation 
itself. Additionally, all address registers may be used for the direct, register indirect, and 
indexed addressing modes (immediate, program counter relative, and absolute address¬ 
ing by definition do not use address registers). For increased flexiblity, any address or 
data register may be used as an index register. Address register consistency is maintain¬ 
ed for stacking operations since any of the eight address registers may be utilized as 
user program stack pointers with the register indirect postincrement/predecrement ad¬ 
dressing modes. Address register A7, however, is a special register that, in addition to its 
normal addressing capability, functions as the system stack pointer for stacking the pro¬ 
gram counter for subroutine calls as well as stacking the program counter and status 
register for traps and interrupts (while in the supervisor state). 


1.3.2 STRUCTURED MODULAR PROGRAMMING. The art of programming 
microprocessors has evolved rapidly in the past few years. Numerous advanced tech¬ 
niques have been developed to allow easier, more consistent and reliable generation of 
software. In general, these techniques require that the programmer be more disciplined 
in observing a defined programming structure such as modular programming. Modular 
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Table 1-2. Instruction Set 


Mnemonic 

Description 

ABCD 

Add Decimal with Extend 

ADD 

Add 

AND 

Logical And 

ASL 

Arithmetic Shift Left 

ASR 

Arithmetic Shift Right 

Bcc 

Branch Conditionally 

BCHG 

Bit Test and Change 

BCLR 

Bit Test and Clear 

BRA 

Branch Always 

BSET 

Bit Test and Set 

BSR 

Branch to Subroutine 

BTST 

Bit Test 

CHK 

Check Register Against Bounds 

CLR 

Clear Operand 

CMP 

Compare 

DBcc 

Test Condition, Decrement and Branch 

DIVS 

Signed Divide 

DIVU 

Unsigned Divide 

EOR 

Exclusive Or 

EXG 

Exchange Registers 

EXT 

Sign Extend 

JMP 

Jump 

JSR 

Jump to Subroutine 

LEA 

Load Effective Address 

LINK 

Link Stack 

LSL 

Logical Shift Left 

LSR 

Logical Shift Right 

MOVE 

Move 

MOVEM 

Move Multiple Registers 

MOVEP 

Move Peripheral Data 

MULS 

Signed Multiply 

MULU 

Unsigned Multiply 

NBCD 

Negate Decimal with Extend 

NEG 

Negate 

NOP 

No Operation 

NO 

Ones Complement 

OR 

Logical Or 

PEA 

Push Effective Address 

RESET 

Reset External Devices 

ROL 

Rotate Left without Extend 

ROR 

Rotate Right without Extend 

ROXL 

Rotate Left with Extend 

ROXR 

Rotate Right with Extend 

RTE 

Return from Exception 

RTR 

Return and Restore 

RTS 

Return from Subroutine 

SBCD 

Subtract Decimal with Extend 

See 

Set Conditional 

STOP 

Stop 

SUB 

Subtract 

SWAP 

Swap Data Register Halves 

TAS 

Test and Set Operand 

TRAP 

Trap 

TRAPV 

Trap on Overflow 

TST 

Test 

UNLK 

Unlink 
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Table 1*3. Variations of Instruction Types 


Instruction 

Typo 

Variation 

Description 

ADO 

ADD 

Add 


ADDA 

Add Address 


ADDQ 

Add Quick 


ADDI 

Add Immediate 


ADDX 

Add with Extend 

AND 

AND 

Logical AND 


ANDI 

AND Immediate 


ANDl to OCR 

AND Immediate to Condition Code 


ANDI to SR 

AND Immediate to Status Register 

CMP 

CMP 

Compare 


CMPA 

Compare Address 


CMPM 

Compare Memory 


CMPI 

Compare Immediate 

EOR 

EOR 

Exclusive OR 


EORI 

Exclusive OR Immediate 


EORI to CCR 

Exclusive Immediate to Condition Codes 


EORI to SR 

Exclusive OR Immediate to Status Register 

MOVE 

MOVE 

Move 


MOVEA 

Move Address 


MOVEQ 

Move Quick 


MOVE to CCR 

Move to Condition Codes 


MOVE to SR 

Move to Status Register 


MOVE from SR 

Move from Status Register 


MOVE to USP 

Move to User Stack Pointer 

NEG 


Negate 



Negate with Extend 

OR 

OR 

Logical OR 


ORI 

OR Immediate 


ORI to CCR 

OR Immediate to Condition Codes 


ORI to SR 

OR Immediate to Status Register 

SUB 

SUB 

Subtract 


SUBA 

Subtract Address 


SUBI 

Subtract Immediate 


SUBQ 

Subtract Quick 


SUBX 

Subtract with Extend 


programming allows a required function or process to be broken down in short modules 
or subroutines that are concisely defined and easily programmed and tested. Such a 
technique is greatly simplified by the availability of advanced structured assemblers and 
block structured high-level languages such as Pascal. Such concepts are virtually 
useless, however, unless parameters are easily transferred between and within software 
modules that operate on a reentrant and recursive basis. (To be reentrant a routine must 
be usable by interrupt and non-interrupt driven programs without the loss of data. A 
recursive routine is one that may call or use itself.) The MC68000 provides the necessary 
architectural features to allow efficient reentrant modular programming. The LINK and 
UNLK instructions reduce subroutine call overhead in two complementary instructions 
by allowing the manipulation of linked lists of data areas on the stack. The MOVEM 
(Move Multiple Registers) instruction also reduces subroutine call programming 
overhead. This allows moving, via an effective address, multiple registers that are 
specified by the programmer. Sixteen software trap vectors are provided with the TRAP 
instruction and are useful in operating system call routines or user generated macro 
routines. Other instructions that support modern structured programming techniques 
are PEA (Push Effective Address), LEA (Load Effective Address), RTR (Return and 
Restore), RTE (Return from Exception) as well as JSR, BSR, and RTS. 
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The powerful vectored priority interrupt structure of the microprocessor allows straight¬ 
forward generation of reentrant modular input/output routines. Seven maskable levels of 
priority with 192 vector locations and seven autovector locations provide maximum flex¬ 
ibility for I/O control (a total of 255 vector locations are available for interrupts, hardware 
traps, and software traps). 


1.3.3 IMPROVED SOFTWARE TESTABILITY. The MC68000 incorporates several features 
that reduce the chance for errors. Some of these features, such as consistent architec¬ 
ture and the structured modular programming capability, have already been discussed. 

Of major importance to the systems programmer are features that have been incor¬ 
porated specifically to detect the occurrence of programming errors or bugs. Several 
hardware traps, provided to indicate abnormal internal conditions, detect the following 
error conditions: 

• Word Access with an Odd Address 

• Illegal Instructions 

• Unimplemented Instructions 

• Illegal Memory Access (Bus Error) 

• Divide by Zero 

• Overflow Condition Code (Separate Instruction TRAPV) 

• Register Out of Bounds (CHK Instruction) 

• Spurious Interrupt 

Additionally, the sixteen software TRAP instructions may be utilized by the programmer 
to provide applications oriented error detection or correction routines. 

An additional error detection tool is the CHK (Check Register Against Bounds) instruc¬ 
tion used for array bound checking by verifying that a data register contains a valid 
subscript. A trap occurs if the register contents are negative or greater than a limit. 

Finally, the MC68000 includes a facility that allows instruction-by-instruction tracing of a 
program being debugged. This trace mode results in a trap being made to a tracing 
routine after each instruction executed. The trace mode is available to the programmer 
when the microprocessor is in the supervisor state as well as the user state but may only 
be entered while in the supervisor state. The supervisor/user states provide an additional 
degree of error protection for the microprocessor by allowing memory protection of 
selected areas of memory when an external memory management device is used. 


1.3.4 FUTURE FLEXIBILITY. Microprocessor VLSI circuit technology is advancing at an 
ever increasing rate. For example, the Motorola MC6800 — originally introduced in 1974 
— has evolved into a number of mode advanced products. This evolution has been along 
two paths, as shown in Figure 1-4: increased functionality, with the MC6802 and MC6801 
microcomputers, and increased performance with the MC68A00, MC68B00, and MC6809 
microprocessors. The sound, well planned, architectural base provided by the original 
MC6800 made it possible to develop these improved products while taking full advantage 
of the major speed and density enhancements to NMOS VLSI. This was accomplished 
while maintaining an unprecedented degree of compatibility and consistency with the 
original MC6800 microprocessor. 
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Relative Performance 

Figure 1-4. Motorola’s Microprocessor Evolution 


Similarly, a major consideration in the development of the MC68000 microprocessor has 
been to provide a good, solid, but flexible, base for future extendability. Several architec¬ 
tural concepts have been incorporated that will allow this advanced product to be 
enhanced as semiconductor technological advances are made. For example, the highly 
consistent structure of the processor allows operation on 8-bit, 16-bit, and 32-bit integers 
without the need for concatenation of registers or multiplexing of internal data buses. 
This regular structure of the processor lends itself to a more consistent, reliable design 
that can be easily expanded. 

The MC68000 incorporates a proprietary multi-level microprogrammed structure that 
allows significant versatility in the implementation of instructions. In fact, more than 
one-eighth of the instruction op-code map has been set aside specifically for implemen¬ 
tation of future instructions. In the interim, user implementation of instructions not cur¬ 
rently in the instruction set is possible through the use of the trap instruction and the 
emulator traps. 


1.3.S MEMORY MANAGEMENT OF LARGE ADDRESSING SPACE. The ever decreasing 
costs of semiconductor memories in combination with the use of high-level languages 
and sophisticated disk operating systems allow Motorola’s new generation of high per¬ 
formance microprocessors to be used in complex, memory intensive applications. In 
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order to meet the needs of such applications, the MC68000 is capable of directly ad¬ 
dressing more than 16 megabytes of memory. This large address space is directly ac¬ 
cessed and managed very efficiently on a word or byte basis since operand size is 
specified by the instruction. The use of upper data strobe (UDS) and lower data strobe 
(LDS) signals allows easy access to high order bytes, low order bytes, or words. 

Several additional useful features are provided that allow the programmer to efficiently 
manage memory usage. Powerful memory addressing modes such as register indirect, 
indexed, short and long absolute, and program counter relative allow well-ordered ac¬ 
cess to specific memory locations. These addressing modes allow easy address calcula¬ 
tions (register indirect and indexed), direct access to memory location (short and long ab¬ 
solute), and position-independent or relocatable coding (program counter relative). Of 
course, the predecrement/postincrement register indirect addressing modes also allow 
efficient management of data in memory by permitting the programmer to generate as 
many as eight concurrent stacks or queues. Another feature that allows the programmer 
to manage the use of memory is the CHK (Check Register Against Bounds) instruction. 
This instruction permits the software implementation of a basic memory protec¬ 
tion/management structure. 

Still another significant feature provided in the MC68000 is the distinction between user 
and supervisor state. The supervisor state permits certain protected operations within 
the processor system. Of particular interest is that an external memory management unit 
may be used when the processor is in the user state to manage the large address space 
for the programmer. The memory management operations are transparent to the pro¬ 
grammer when in the user state and can be changed or updated only in the supervisor 
state. The memory management unit provides both management of a variable number of 
variable size segments (memory segmentation) and dynamic management of multi-task 
memory relocation and protection. The memory management unit regulates access to 
storage segments that are dedicated to read only data, read/write data, program code, 
and protected data/code. 


1.3.6 IMPROVED CODE DENSITY AND SPEED. With the advent of low cost, very high 
density VLSI RAMs and ROMs, it might incorrectly be assumed that the number of bytes 
of code needed to execute a given program is no longer important. Code density, 
however, is very critical, since microprocessor speed is highly dependent upon the 
number of executed instruction words. During the early development of the M68000, ex¬ 
tensive studies were made of the use of instructions and sequences of instructions in 
many microprocessor applications. These studies identified not only statically frequent 
instructions but also dynamically frequent instructions. (The dynamic frequency of in¬ 
structions is a measure of how often an instruction is executed while static frequency is 
a measure of how often it occurs in a program listing or is encountered by an assembler.) 
The result of these studies is that the major contributor to the increased efficiency is the 
highly regular structure of the architecture. The consistency of the architecture, instruc¬ 
tion set, and addressing modes significantly reduces the number of instructions needed 
to accomplish a given task. Additionally, many instructions have been included to 
specifically improve code density and speed. For example, single word add and subtract 
instructions using quick immediate addressing allow fast, small value arithmetic opera¬ 
tions on data registers and memory. A move quick (MOVEQ) provides the ability to load a 
small (8 bit) signed word into any register in a single word operation. In order to improve 
the speed of loop operations, a single instruction for test condition, decrement, and 
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branch (DBcc) is included. Of course, the TRAP, move multiple registers (MOVEM), link 
stack (LINK), unlink stack (UNLK), and check limit (CHK) instructions significantly reduce 
code requirements for subroutines, operating system calls, and stacking operations. 

Other instructions that help reduce coding requirements and improve performance of 
arithmetic operations are signed and unsigned multiply (MULS and MULU), signed and 
unsigned divide (DIVS and DIVU), BCD arithmetic (ABCD, SBCD), as well as the standard 
binary integer operations. In order to improve the efficiency of moving or transferring 
data, a powerful MOVE data instruction has been incorporated that allows the transfer of 
bytes, words and long words, and operates in all data addressing modes. Thus, register- 
to-register, register-to-memory, memory-to-register, and memory-to-memory transfers are 
permitted. 

In addition to the powerful instructions that provide a substantial improvement in pro¬ 
cessor throughput, numerous architectural features significantly reduce the execution 
times for all instructions. The separate (non-multiplexed) address and data buses, in¬ 
struction pre-fetch pipeline, and 32-bit internal registers are major contributors to the 
processor’s unequaled performance. 


1.3.7 SOFTWARE SUPPORT AND MC6800 COMPATIBILITY. The system designers and 
programmers using the MC68000 in an application have available a complete, compati¬ 
ble system of hardware and software. The microprocessor is supported by a full range of 
software development tools including disk operating systems, debug aids, assemblers, 
and high-level languages. 

The careful planning of this new microprocessor provides a superset of the MC6800 in¬ 
struction set enhanced by the addition of more and larger registers, powerful consistent 
structure and many flexible addressing modes. This allows efficient translation of ex¬ 
isting MC6800 programs, which can then be further optimized by taking full advantage of 
the versatile and powerful features of the MC68000. 

This careful planning of similarities between the MC68000 and the MC6800 does not stop 
at software compatibility (by translation) but also extends to peripheral controller inter¬ 
facing. Motorola’s extensive line of intelligent M6800 family peripherals (including 
MC6854 Advanced Data Link Controller and the MC68488 General Purpose Interface 
Adapter) can be directly and easi ly interfaced to the MC68000. Thr ee si gnal lines: enable 
(E), valid memory address (VMA), and valid peripheral address (VPA) are provided to 
simplify the interface to Motorola’s standard MC6800 peripherals. 
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SECTION 2 

DATA ORGANIZATION AND 
ADDRESSING CAPABILITIES 


2.1 INTRODUCTION 

This section describes the data organization and addressing capabilities of the 
MC68000. 


2.2 OPERAND SIZE 

Operand sizes are defined as follows: a byte equals 8 bits, a word equals 16 bits, and a 
long word equals 32 bits. The operand size for each instruction is either explicitly encod¬ 
ed in the instruction or implicitly defined by the instruction operation. All explicit instruc¬ 
tions support byte, word, or long word operands. Implicit instructions support some 
subset of all three sizes. 


2.3 DATA ORGANIZATION IN REGISTERS 

The eight data registers support data operands of 1, 8,16, or 32 bits. The seven address 
registers together with the active stack pointer support address operands of 32 bits. 


2.3.1 DATA REGISTERS. Each data register is 32 bits wide. Byte operands occupy the 
low order 8 bits, word operands the low order 16 bits, and long word operands the entire 
32 bits. The least significant bit is addressed as bit zero; the most significant bit is ad¬ 
dressed as bit 31. 

When a data register is used as either a source or destination operand, only the ap¬ 
propriate low order portion is changed; the remaining high-order portion is neither used 
nor changed. 


2.3.2 ADDRESS REGISTERS. Each address register and the stack pointer is 32 bits wide 
and holds a full 32 bit address. Address registers do not support byte sized operands. 
Therefore, when an address register is used as a source operand, either the low order 
word or the entire long word operand is used depending upon the operation size. When 
an address register is used as the destination operand, the entire register is affected 
regardless of the operation size. If the operation size is word, any other operands are sign 
extended to 32 bits before the operation is performed. 
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2.4 DATA ORGANIZATION IN MEMORY 

Bytes are individually addressable with the high order byte having an even address the 
same as the word as shown in Figure 2-1. The low order byte has an odd address that is 
one count higher than the word address. Instructions and multibyte data are accessed 
only on word (even byte) boundaries. If a long word datum is located at address n (n even), 
then the second word of that datum is located at address n + 2. 


15 14 

13 12 11 

10 9 8 7 6 

5 4 3 2 1 

0 


Byte 000000 

Word 000000 

_ L 

Byte 000001 



Byte 000002 

Word 000002 

1 

Byte 000003 




• 

• 

• 

• 

• 


z 


Byte FFFFFE 

Word FFFFFE 

_ 1 _ 

Byte FFFFFF 



Figure 2-1. Word Organization In Memory 


The data types supported by the MC68000 are: bit data, integer data of 8,16, and 32 bits, 
32-bit addresses, and binary coded decimal data. Each of these data types is put in 
memory as shown in Figure 2-2. The numbers indicate the order in which the data would 
be accessed from the processor. 


Bit Data 
1 Byte = 8 Bits 


7 6 5 4 3 2 1 0 


Integer Data 
1 Byte =8 Bits 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Figure 2-2. Data Organization In Memory (Sheet 1 of 2) 
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1 Long Word = 32 Bits 
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MSB 

-Long Word 0- 


— —Long Word 1 


High Order 


Low Order 


LSB 


— — Long Word 2 


Addresses 
1 Address = 32 Bits 



LSB = Least Significant Bit 

Decimal Data 

2 Binary Coded Decimal Digits =1 Byte 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



BCD 1 LSD 

BCD 2 

BCD 3 

BCD 4 

BCD 5 

BCD 6 

BCD 7 


MSD = Most Significant Digit 
LSD = Least Significant Digit 


Figure 2-2. Data Organization In Memory (Sheet 2 of 2) 


2.5 ADDRESSING 

Instructions for the MC68000 contain two kinds of information: the type of function to be 
performed, and the location of the operand(s) on which to perform that function. The 
methods used to locate (address) the operand(s) are explained in the following 
paragraphs. 

Instructions specify an operand location in one of three ways: 

• Register Specification — the number of the register is given in the register field of 
the instruction. 

• Effective Address — use of the different effective address modes. 

• Implicit Reference — the definition of certain instructions implies the use of spe¬ 
cific registers. 
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2.6 INSTRUCTION FORMAT 

Instructions are from one to five words in length as shown in Figure 2-3. The length of the 
instruction and the operation to be performed is specified by the first word of the instruc¬ 
tion which is called the operation word. The remaining words further specify the 
operands. These words are either immediate operands or extensions to the effective ad¬ 
dress mode specified in the operation word. 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

Operation Word 

(First Word Specifies Operation and Modes) 

Immediate Operand 
(If Any, One or Two Words) 

Source Effective Address Extension 
(If Any, One or Two Words) 

Destination Effective Address Extension 
_ (If Any, One or Two Words) _ 

Figure 2-3. Instruction Format 

2.7 PROGRAM/DATA REFERENCES 

The MC68000 separates memory references into two classes: program references and 
data references. Program references, as the name implies, are references to that section 
of memory that contains the program being executed. Data references refer to that sec¬ 
tion of memory that contains data. Generally, operand reads are from the data space. All 
operand writes are to the data space. 

2.8 REGISTER NOTATION 

Appendix B contains a definition of the register transfer language (RTL) used in describ¬ 
ing instruction operations. The RTL description of registers identifies the registers as 
follows: 

AN — Address Register (n specifies the register number) 

Dn — Data Register (n specifies the register number) 

Rn — Any Register, Address or Data (n specifies the register number) 

PC — Program Counter 
SR — Status Register 

CCR — Condition Code Half of the Status Register 
SP — The Active Stack Pointer (either user or supervisor) 

USP — User Stack Pointer 
SSP — Supervisor Stack Pointer 
d — Displacement Value 
N — Operand Size in Bytes (1, 2, 4) 

2.9 ADDRESS REGISTER INDIRECT NOTATION 

When an address register is used to point to a memory location, the addressing mode is 
called address register indirect. The term indirect is used because the operation of the in¬ 
struction is not directed to the address register itself, but to the memory location pointed 
to by the address register. The RTL symbol for the indirect mode is an address register 
designation followed by an “at” symbol (@). The notation A4@ indicates that the con¬ 
tent of address register four points to the memory location that will be used as the 
operand. 
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2.10 REGISTER SPECIFICATION 


The register field within an instruction specifies the register to be used. Other fields 
within the instruction specify whether the register selected is an address or data register 
and how the register is to be used. 


2.11 EFFECTIVE ADDRESS 

Most instructions specify the location of an operand by using the effective address field 
in the operation word. For example, Figure 2-4 shows the general format of the single ef¬ 
fective address instruction operation word. The effective address is composed of two 
3-bit fields: the mode field, and the register field. The value in the mode field selects the 
different address modes. The register field contains the number of a register. 

The effective address field may require additional information to fully specify the 
operand. This additional information, called the effective address extension, is con¬ 
tained in a following word or words and is considered part of the instruction as shown in 
Figure 2-3. The effective address modes are grouped into three categories: register 
direct, memory addressing, and special. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


a 

D 

n 

n 

n 

H 

D 


n 

n 

Effective Address 

Mode | Register 


Figure 2-4. Single-Effective-Address-Instruction Operation Word — General Format 


2.11.1 REGISTER DIRECT MODES. These effective addressing modes specify that the 
operand is in one of the 16 multifunction registers. 


2.11.1.1 Data Register Direct. The operand is in the data register specified by the effec¬ 
tive address register field. 

Generation: EA = Dn 

RTL Notation: Dn 
Mode: 000 

Register: n 


Data Register Dn 


Operand 


2.11.1.2 Address Register Direct. 

effective address register field. 
Generation: EA = An 

RTL Notation: An 
Mode: 001 

Register: n 


The operand is in the address register specified by the 


Address Register An 


Operand 
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2.11.2 MEMORY ADDRESS MODES. These effective addressing modes specify that the 
operand is in memory and provide the specific address of the operand. 


2.11.2.1 Address Register Indirect. The address of the operand is in the address register 
specified by the register field. The reference is classified as a data reference with the ex¬ 
ception of the jump and jump to subroutine instructions. 

Generation: EA = (An) 

RTL Notation: An® 

Mode: 010 

Register: n 31 0 


Address Register An 


Memory Address 



2.11.2.2 Address Register Indirect With Postincrement. The address of the operand is in 
the address register specified by the register field. After the operand address is used, it 
is incremented by one, two, or four depending upon whether the size of the operand is 
byte, word, or long word. If the address register is the stack pointer and the operand size 
is byte, the address is incremented by two rather than one to keep the stack pointer on a 
word boundary. The reference is classified as a data reference. 

Generation: EA = (An) 

An = An + N Mode: 011 

RTL Notation: An@+ Register: n 


Address Register An 


Operand Length (1, 2, or 4) 


Memory Address 


31 _0 


Memory Address 

A 

' 

viz 

Operand 


2.11.2.3 Address Register Indirect With Predecrement. The address of the operand is in 
the address register specified by the register field. Before the operand address is used, it 
Is decremented by one, two, or four depending upon whether the operand size is byte, 
word, or long word. If the address register is the stack pointer and the operand size is 
byte, the address is decremented by two rather than one to keep the stack pointer on a 
word boundary. The reference is classified as a data reference. 

Generation: An = An-N 

EA = (An) Mode: 100 

RTL Notation: An@- Register: n 
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31 


0 


Address Register An 
Operand Length (1, 2, or 4) 

Memory Address 


Memory Address 


} 

' 

^5 



Operand 


2.11.2.4 Address Register Indirect With Displacement. This address mode requires one 
word of extension. The address of the operand is the sum of the address in the address 
register and the sign-extended 16-bit displacement integer in the extension word. The 
reference is classified as a data reference with the exception of the jump and jump to 
subroutine instructions. 


Generation: EA = (An) + d 

RTL Notation: An@(d) 
Mode: 101 

Register: n 

Address Register An 
Displacement 


Memory Address 


0 



2.11.2.5 Address Register Indirect With Index. This address mode requires one word of 
extension formatted as shown below. 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


D/A 

Register 

W/L 

0 

0 

0 

Displacement Integer 


Bit 15 — Index register indicator 
0 — data register 
1 — address register 

Bits 14 through 12 — Index register number 
Bit 11 — Index Size 

0 — sign-extended, low order integer in index register 
1 — long value in index register 

The address of the operand is the sum of the address in the address register, the sign- 
extended displacement integer in the low order eight bits of the extension word, and the 
contents of the index register. The reference is classified as a data reference with the ex¬ 
ception of the jump and jump to subroutine instructions. The size of the index register 
does not affect the execution time of the instructions. 

Generation: EA = (An) + (Ri) + d Mode: 110 

RTL Notation: An@(d, Ri.W) Register: n 

An@(d, Ri.L) 
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31 


0 


Address Register An 


Extension Word 


Index Register 


Memory Address 


2.11.3 SPECIAL ADDRESS MODES. The special address modes use the effective address 
register field to specify the special addressing mode instead of a register number. 


2.11.3.1 Absolute Short Address. This address mode requires one word of extension. The 
address of the operand is in the extension word. The 16-bit address is sign extended 
before it is used. The reference is classified as a data reference with the exception of the 
jump and jump to subroutine instructions. 

Generation: EA given 

RTL Notation: xxx.W 

Mode: 111 Extension Word 

Register: 000 

Memory Address 


2.11.3.2 Absolute Long Address. This address mode requires two words of extension. 
The address of the operand is developed by the concatenation of the extension words. 
The high-order part of the address is the first extension word; the low order part of the ad¬ 
dress is the second extension word. The reference is classified as a data reference with 
the exception of the jump and jump to subroutine instructions. 




Generation: EA given 

RTL Notation: xxx.L 

Mode: 111 

Register: 001 


First Extension Word 

Second Extension Word 

Memory Address 
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2.11.3.3 Program Counter With Displacement. This address mode requires one word of 
extension. The address of the operand is the sum of the address in the program counter 
and the sign-extended 16-bit displacement integer in the extension word. The value in the 
program counter is the address of the extension word. The reference is classified as a 
program reference. 


Generation: EA = (PC) + d 

RTL Notation: PC@(d) 

Mode: 111 

Register: 010 

Program Counter 


Extension Word 


Memory Address 


31 0 



2.11.3.4 Program Counter With Index. This address mode requires one word of extension 
formatted as shown below. 


15 
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D/A 

Register 

W/L 

0 

0 

0 

Displacement Integer 


Bit 15 — Index register indicator 
0 — data register 
1 — address register 

Bits 14 through 12 — Index register number 
Bit 11 — Index size 

0 — sign-extended, low order word integer in index register 
1 — long value in index register 


The address is the sum of the address in the program counter, the sign-extended 
displacement integer in the lower eight bits of the extension word, and the contents of 
the index register. The value in the program counter is the address of the extension word. 
This reference is classified as a program reference. The size of the index register does 
not affect the execution time of the instruction. 


Generation: 
RTL Notation: 

Mode: 

Register: 


EA = (PC) + (Ri) + d 
PC@(d, Ri.W) 
PC@(d, Ri.L) 

111 

011 
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31 


0 


Program Counter 

Extension Word 

Index Register 

Memory Address 



2.11.3.5 Immediate Data. This address mode requires either one or two words of exten¬ 
sion depending on the size of the operation. 

Byte Operation — operand is low order byte of extension word 
Word operation — operand is extension word 

Long word operation — operand is in the two extension words, high order 16-bits are in 
the first extension word, low order 16 bits are in the second extension word. 
Generation: Operand given 

RTL Notation: #xxxx 
Mode: 111 

Register: 100 

The extension word formats are shown below: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



2.11.4 EFFECTIVE ADDRESS ENCODING SUMMARY. Table 2-1 is a summary of the ef¬ 
fective addressing modes discussed in the previous paragraphs. 


2.12 IMPLICIT REFERENCE 

Some instructions make implicit reference to the program counter (PC), the system stack 
pointer (SP), the supervisor stack pointer (SSP), the user stack pointer (USP), or the status 
register (SR). Table 2-2 provides a list of these instructions and the registers implied. 
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Table 2-1. Effective Address Encoding Summary 


Addressing Mode 

Mode 

Register 

Data Register Direct 

000 

register number 

Address Register Direct 

001 

register number 

Address Register Indirect 

010 

register number 

Address Register Indirect with Postincrement 

011 

register number 

Address Register Indirect with Predecrement 

100 

register number 

Address Register Indirect with Displacement 

101 

register number 

Address Register Indirect with Index 

110 

register number 

Absolute Short 

111 

000 

Absolute Long 

111 

001 

Program Counter with Displacement 

111 

010 

Program Counter with Index 

111 

Oil 

Immediate 

111 

100 


Table 2-2. Implicit Instruction Reference Summary 


Instruction 

Implied Register(s) 

Branch Conditional (Bcc), Branch Always (BRA) 

PC 

Branch to Subroutine (BSR) 

PC, SP 

Check Register Against Bounds (CHK) 

SSP, SR 

Test Condition, Decrement and Branch (DBcc) 

PC 

Signed Divide (DIVS) 

SSP, SR 

Unsigned Divide (DIVU) 

SSP, SR 

Jump (JMP) 

PC 

Jump to Subroutine (JSR) 

PC, SP 

Link and Allocate (LINK) 

SP 

Move Condition Codes (MOVE CCR) 

SR 

Move Status Register (MOVE SR) 

SR 

Move User Stack Pointer (MOVE USP) 

USP 

Push Effective Address (PEA) 

SP 

Return from Exception (RTE) 

PC, SP, SR 

Return and Restore Condition Codes (RTR) 

PC, SP, SR 

Return from Subroutine (RTS) 

PC, SP 

Trap (TRAP) 

SSP, SR 

Trap on Overflow (TRAPV) 

SSP, SR 

Unlink (UNLK) 

SP 

Logical Immediate to CCR 

SR 

Logical Immediate to SR 

SR 


2.13 STACKS AND QUEUES 

In addition to supporting the array data structure with the index addressing mode, the 
MC68000 also supports stack and queue data structures with the address register in¬ 
direct postincrement and predecrement addressing modes. A stack is a last-in-first-out 
(LIFO) list, a queue is a first-in-first-out (FIFO) list. When data is added to a stack or 
queue, it is “pushed” onto the structure; when it is removed, it is “pulled” from the struc¬ 
ture. 

The system stack is used implicitly by many instructions; user stacks and queues may be 
created and maintained through the addressing modes. 


2.13.1 SYSTEM STACK. Address register seven (A7) is the system stack pointer (SP). The 
system stack pointer is either the supervisor stack pointer (SSP) or the user stack pointer 
(USP), depending on the state of the S-bit in the status register. If the S-bit indicates 
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supervisor state the SSP is the active system stack pointer, and the USP cannot be 
referenced as an address register. If the S-bit indicates user state, the USP is the active 
system stack pointer, and the SSP cannot be referenced. Each system stack fills from 
high memory to low memory. The address mode SP@ - creates a new item on the active 
system stack, and the address mode SP@ + deletes an item from the active system 
stack. 

The program counter is saved on the active system stack on subroutine calls, and 
restored from the active system stack on returns. On the other hand, both the program 
counter and the status register are saved on the supervisor stack during the processing 
of traps and interrupts. Thus, the correct execution of the supervisor state code is not 
dependent on the behavior of user code and user programs may use the user stack 
pointer arbitrarily. 

In order to keep data on the system stack aligned properly, data entry on the stack is 
restricted so that data is always put in the stack on a word boundary. Thus byte data is 
pushed on or pulled from the system stack in the high order half of the word; the lower 
half is unchanged. 


2.13.2 USER STACKS. User stacks can be implemented and manipulated by employing 
the address register indirect with postincrement and predecrement addressing modes. 
Using an address register (one of AO through A6), the user may implement stacks which 
are filled either from high memory to low memory, or vice versa. The important things to 
remember are: 

• using predecrement, the register is decremented before its contents are used as the 
pointer into the stack, 

• using postincrement, the register is incremented after its contents are used as the 
pointer into the stack, 

• byte data must be put on the stack in pairs when mixed with word or long data so 
that the stack will not get misaligned when the data is retrieved. Word and long ac¬ 
cesses must be on word boundary (even) addresses. 

Stack growth from high to low memory is implemented with 

An@ - to push data on the stack, 

An@ + to pull data from the stack. 

After either a push or a pull operation, register An points to the last (top) item on the 
stack. This is illustrated as: 


An 


Low Memory 


(Free) 


Top of Stack 


/ 


Z 


Bottom of Stack 


High Memory 
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Stack growth from low to high memory is implemented with 
An® + to push data on the stack, 

An® - to pull data from the stack. 

After either a push or a pull operation, register An points to the next available space on 
the stack. This is illustrated as: 




An- 


Low Memory 


Bottom of Stack 


Top of Stack 


(Free) 


High Memory 


Z 


2.13.3 QUEUES. User queues can be implemented and manipulated with the address 
register indirect with postincrement or predecrement addressing modes. Using a pair of 
address registers (two of AO through A6), the user may implement queues which are filled 
either from high memory to low memory, or vice versa. Because queues are pushed from 
one end and pulled from the other, two registers are used: the put and get pointers. 

Queue growth from low to high memory is implemented with 
Aput® + to put data into the queue, 

Aget@ + to get data from the queue. 

After a put operation, the put address register points to the next available space in the 
queue and the unchanged get address register points to the next item to remove from the 
queue. After a get operation, the get address register points to the next item to remove 
from the queue and the unchanged put address register points to the next available 
space in the queue. This is illustrated as: 


Aget 


Aput 



25 



If the queue is to be implemented as a circular buffer, the address register should be 
checked and, if necessary, adjusted before the put or get operation is performed. The ad¬ 
dress register is adjusted by subtracting the buffer length (in bytes). 

Queue growth from high to low memory is implemented with 
Aput@ - to put data into the queue, 

Aget@ - to get data from the queue. 


After a put operation, the put address register points to the last item put in the queue, 
and the unchanged get address register points to the last item removed from the queue. 
After a get operation, the get address register points to the last item removed from the 
queue and the unchanged put address register points to the last item put in the queue. 
This is illustrated as: 




Aget 


Low Memory 


(Free) 


Last Put 


Next Get 


Last Get (Free) 


High Memory 




If the queue is to be implemented as a circular buffer, the get or put operation should be 
performed first, and then the address register should be checked and, if necessary, ad¬ 
justed. The address register is adjusted by adding the buffer length (in bytes). 
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SECTION 3 

INSTRUCTION SET SUMMARY 


3.1 INTRODUCTION 

This section contains an overview of the form and structure of the MC68000 instruction 
set. The instructions form a set of tools that include all the machine functions to perform 
the following operations: 

• Data Movement 

• Integer Arithmetic 

• Logical 

• Shift and Rotate 

• Bit Manipulation 

• Binary Coded Decimal 

• Program Control 

• System Control 

The complete range of instruction capabilities combined with the flexible addressing 
modes described in Section 2 provide a very flexible base for program development. 
Detailed information about each instruction is given in Appendix B. 


3.2 DATA MOVEMENT OPERATIONS 

The basic method of data acquisition (transfer and storage) is provided by the move 
(MOVE) instruction. The move instruction and the effective addressing modes allow both 
address and data manipulation. Data move instructions allow byte, word, and long word 
operands to be transferred from memory to memory, memory to register, register to 
memory, and register to register. Address move instructions allow word and long word 
operand transfers and ensure that only legal address manipulations are executed. In ad¬ 
dition to the general move instruction, there are several special data movement instruc¬ 
tions: move multiple registers (MOVEM), move peripheral data (MOVEP), exchange 
registers (EXG), load effective address (LEA), push effective address (PEA), link stack 
(LINK), unlink stack (UNLK), and move quick (MOVEQ). Table 3-1 is a summary of the data 
movement operations. 


3.3 INTEGER ARITHMETIC OPERATIONS 

The arithmetic operations include the four basic operations of add (ADD), subtract (SUB), 
multiply (MUL), and divide (DIV) as well as arithmetic compare (CMP), clear (CLR), and 
negate (NEG). The add and subtract instructions are available for both address and data 
operations, with data operations accepting all operand sizes. Address operations are 
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Table 3-1. Data Movement Operations 


Instruction 


Operation 

EXG 

32 

Rx — Ry 

LEA 

32 

EA—An 

LINK 

- 

An - * SP@ - 
SP — An 

SP + d—SP 

MOVE 


(EA)s-*EAd 




MOVEP 



MOVEQ 

8 

#xxx—* Dn 

PEA 

32 

EA—SP@- 

SWAP 

32 

Dn [31:16]*-Dn [15:0] 

UNLK 

— 

An—* SP 

SP@ + — An 


NOTES: 
s = source 


d = destination 
[ ] = bit numbers 

limited to legal address size operands (16 or 32 bits). Data, address, and memory com¬ 
pare operations are also available. The clear and negate instructions may be used on all 
sizes of data operands. 

The multiply and divide operations are available for signed and unsigned operands using 
word multiply to produce a long product, and a long word dividend with word divisor to 
produce a word quotient with a word remainder. 

Multiprecision and mixed size arithmetic can be accomplished using a set of extended 
instructions. These instructions are: add extended (ADDX), subtract extended (SUBX), 
sign extend (EXT), and negate binary with extend (NEGX). 

A test operand (TST) instruction that will set the condition codes as a result of a compare 
of the operand with zero is also available. Test and set (TAS) is a synchronization instruc¬ 
tion useful in multiprocessor systems. Table 3-2 is a summary of the integer arithmetic 
operations. 


3.4 LOGICAL OPERATIONS 

Logical operation instructions AND, OR, EOR, and NOT are available for all sizes of in¬ 
teger data operands. A similar set of immediate instructions (ANDI, ORI, and EORI) pro¬ 
vide these logical operations with all sizes of immediate data. Table 3-3 is a summary of 
the logical operations. 


3.5 SHIFT AND ROTATE OPERATIONS 

Shift operations in both directions are provided by the arithmetic instructions ASR and 
ASL and logical shift instructions LSR and LSL. The rotate instructions (with and without 
extend) available are ROXR, ROXL, ROR, and ROL. All shift and rotate operations can be 
performed in either registers or memory. Register shifts and rotates support all operand 
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Table 3-2. Integer Arithmetic Operations 


Instruction 

Operand Size 

Operation 

ADD 

8, 16, 32 

Dn+IEAI —Dn 
(EAI + Dn— EA 
(EA) + #xxx — EA 


16, 32 

An+(EA)—- An 

ADDX 

KSIjKBI 





CLR 

KEX3H 




Dn- (EA) 

(EA) - #xxx 

Ax(5) + - Ay@ + 



An-(EA) 

DIVS 

32-16 

Dn/(EA) —* Dn 


32-16 

Dn/(EA) —On 

EXT 






MULS 

16*16—32 

Dn*(EA) —32 Dn 


MiUhHcM 

Dn*(EAl —Dn 

NEG 

8, 16, 32 

0- (EA) — EA 

NEGX 

8, 16, 32 

0-IEAI-X— EA 

SUB 

8, 16, 32 

Dn - (EA) — Dn 
(EA) - Dn — EA 
(EA)-#xxx— EA 


16, 32 

An - (EA) — An 

SUBX 

8, 16, 32 

Dx- Dy-X— Dx 

Ax@-Ay@-X— Ax@ 

TAS 

8 

(EA) — 0, 1 —EA (7) 

TST 

8, 16, 32 

(EA)-O 


NOTE: 

[ ] = bit number 


sizes and allow a shift count specified in the instruction of one or eight bits, or 0 to 63 
bits specified in a data register. 

Memory shifts and rotates are for word operands only and allow only single-bit shifts or 
rotates. 

Table 3-4 is a summary of the shift and rotate operations. 


Table 3-3. Logical Operations 


Instruction 

Operand Size 

Operation 

AND 


Dn A (EA)—Dn 

(EA) A Dn—EA 
(EA) A #xxx— EA 

OR 

8, 16, 32 

Dn v (EA) — Dn 
(EA) v Dn —EA 
(EA) v #xxx— EA 

EOR 

8, 16, 32 

(Ea) © Dy — EA 
(EA) ©#xxx— EA 

NOT 

8, 16, 32 

— (EA)— EA 


NOTE: 

- = invert 
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Table 3-4. Shift and Rotate Operations 



3.6 BIT MANIPULATION OPERATIONS 

Bit manipulation operations are accomplished using the following instructions: bit test 
(BTST), bit test and set (BSET), bit test and clear (BCLR), and bit test and change (BCHG). 
Table 3-5 is a summary of the bit manipulation operations. 


Table 3-5. Bit Manipulation Operations 


Instruction 

Operand Size 

Operation 

BTST 

8, 32 

-bit of (EA> — Z 

BSET 

8, 32 

-bit of (EA) — Z 

1 — bit of EA 

BCLR 

8, 32 

-bit of (EA)—*Z 

0—bit of EA 

BCHG 

8, 32 

-bit of (EA) —Z 
-bit of (EA) —bit of EA 


3.7 BINARY CODED DECIMAL OPERATIONS 

Multiprecision arithmetic operations on binary coded decimal numbers are accomplish¬ 
ed using the following instructions: add decimal with extend (ABCD), subtract decimal 
with extend (SBCD), and negate decimal with extend (NBCD). Table 3-6 is a summary of 
the binary coded decimal operations. 


Table 3-6. Binary Coded Decimal Operations 


Instruction 

Operand Size 

Operation 

ABCD 

CO 


SBCD 

8 

Dyio-Dyio-X— Dx 

Ax@ - iQ- Ay@ - io~ X— Ax@ 

NBCD 

8 

0-(EA) 10 -X —EA 
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3.8 PROGRAM CONTROL OPERATIONS 


Program control operations are accomplished using a series of conditional and uncondi¬ 
tional branch instructions and return instructions. These instructions are summarized in 
Table 3-7. 

The conditional instructions provide setting and branching for the following conditions: 


cc 

— Carry Clear 

LS 

— Low or Same 

cs 

— Carry Set 

LT 

— Less Than 

EQ 

— Equal 

Ml 

— Minus 

F 

— Never True 

NE 

— Not Equal 

GE 

— Greater or Equal 

PL 

— Plus 

GT 

— Greater Than 

T 

— Always True 

HI 

— High 

VC 

— No Overflow 

LE 

— Less or Equal 

VS 

— Overflow 


Table 3-7. Program Control Operations 


Instruction 

Operation 

Conditional 

Bcc 

DBcc 

See 

Branch conditionally (14 conditions), 8- and 16-bit displacement 
Test condition, decrement and branch. 16-bit displacement 

Set byte conditionally (16 conditions) 

Unconditional 

BRA 

BSR 

JMP 

JSR 

Branch always, 8- and 16-bit displacement 

Branch to subroutine, 8- and 16-bit displacement 

Jump 

Jump to subroutine 

Returns 

RTR 

RTS 

Return and restore condition codes 

Return from subroutine 


3.9 SYSTEM CONTROL OPERATIONS 

System control operations are accomplished by using privileged instructions, trap 
generating instructions, and instructions that use or modify the status register. These in¬ 
structions are summarized in Table 3-8. 

Table 3-8. System Control Operations 


Instruction I 

Operation 


Logical AND to status register 

Logical EOR to status register 

Load new status register 

Move user stack pointer 

Logical OR to status register 

Reset external devices 

Return from exception 

Stop program execution 

Trap Generating 
CHK 

TRAP 

TRAPV 

Check register against bounds 

Trap 

Trap on overflow 

Status Register 

ANDI to CCR 

EORI to CCR 
MOVE EA to CCR 
MOVE SR to EA 
ORI to CCR 

Logical AND to condition codes 

Logical EOR to condition codes 

Load new condition codes 

Store status register 

Logical OR to condition codes 
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SECTION 4 

SIGNAL AND BUS OPERATION DESCRIPTION 


4.1 INTRODUCTION 

This section contains a brief description of the input and output signals. A discussion of 
bus operation during the various machine cycles and operations is also given. 


4.2 SIGNAL DESCRIPTION 

The input and output signals can be functionally organized into the groups shown in 
Figure 4-1. The following paragraphs provide a brief description of the signals and also a 
reference (if applicable) to other chapters that contain more detail about the function be¬ 
ing performed. 


Processor 
Status 1 


M6800 

Peripheral* 

Control 


System^ 

Control' 



Figure 4-1. Input and Output Signals 


4.2.1 ADDRESS BUS (A1 THROUGH A23). This 23-bit, unidirectional, three-state bus is 
capable of addressing eight megawords of data. It provides the address for bus opera¬ 
tion during all cycles except interrupt cycles. During interrupt cycles, address lines A1, 
A2, and A3 provide information about what level interrupt is being serviced while address 
lines A4 through A23 are all set to a logic high. 


4.2.2 DATA BUS (DO THROUGH D15). This 16-bit, bidirectional, three-state bus is the 
general purpose data path. It can transfer and accept data in either word or byte length. 
During an interrupt acknowledge cycle, the external device supplies the vector number 
on data lines DO through D7. 
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4.2.3 ASYNCHRONOUS BUS CONTROL. Asynchronous data transfers are handled using 
the following control signals: address strobe, read/write, upper and lower data strobes, 
and data transfer acknowledge. These signals are explained in the following paragraphs. 


4.2.3.1 Address Strobe (AS). This signal indicates that there is a valid address on the ad¬ 
dress bus. 


4.2.3.2 Read/Write (R/W). This signal defines the data bus transfer as a read or write cy¬ 
cle. The R/W signal also works in conjunction with the upper and lower data strobes as 
explained in the following paragraph. 


4.2.3.3 Upper and Lower Data Strobes (UDS, LDS). These signals control the data on the 
data bus as shown in Table 4-1. When tjne R/W line is high, the processor will read from 
the data bus as indicated. When the R/W line is low, the processor will write to the data 
bus as shown. 


Table 4-1. Data Strobe Control of Data Bus 


UDS 

LDS 

R/W 

D8-D15 

D0-D17 

High 

High 

- 

No Valid Data 

No Valid Data 

Low 

Low 

High 

Valid Data Bits 8-15 

Valid Data Bits 0-7 

High 

Low 

High 

No Valid Data 

Valid Data Bits 0-7 

Low 

High 

High 

Valid Data Bits 8-15 

No Valid Data 

Low 

Low 

Low 

Valid Data Bits 8-15 

Valid Data Bits 0-7 

High 

Low 

Low 

Valid Data Bits 0-7* 

Valid Data Bits 0-7 

Low 

High 

Low 

Valid Data Bits 8-15 

Valid Data Bits 8-15* 


These conditions are a result of current implementation and may not appear on 
future devices. 


4.2.3.4 Data Transfer Acknowledge (DTACK). This in put indicates that the data transfer is 
completed. When the processor reco gnizes DTACK during a read cycle, data is latched 
and the bus cycle terminated. When DTACK is recognized during a write cycle, the bus 
cycle is terminated. Refer to paragraphs 4.3.4 and 4.3.5 for additional information about 
DTACK. 


4.2.4 BUS ARBITRATION CONTROL. These three signals form a bus arbitration circuit to 
determine which device will be the bus master device. Refer to paragraph 4.3.2 for a 
detailed description. 

4.2.4.1 Bus Request (BR). This input is wire ORed with all other devices that could be bus 
masters. This input indicates to the processor that some other device desires to become 
the bus master. 


4.2.4.2 Bus Grant (BG). This output indicates to all other potential bus master devices 
that the processor will release bus control at the end of the current bus cycle. 
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4.2.4.3 Bus Grant Acknowledge (BGACK). This input indicates that some other device 
has become the bus master. This signal cannot be asserted until the following four con¬ 
ditions are met: 

1. a bus grant has been received 

2. address strobe is inactive which indicates that the microprocessor is not using the 
bus 

3. data transfer acknowledge is inactive which indicates that either memory or the 
peripherals are not using the bus 

4. bus grant acknowledge is inactive which indicates that no other device is still claim¬ 
ing bus mastership. 


4.2.5 INTERRUPT CONTROL (IPLO, IPL1, IPL2). These input pins indicate the encoded 
priority level of the device requesting an interrupt. Level seven is the highest priority 
while leve l zero indicates that no interrupts are requested. Th e lea st significant bit is con¬ 
tained in IPLO and the most significant bit is contained in IPL2. Refer to Section 5 for 
details on interrupt operation. 


4.2.6 SYSTEM CONTROL. The system control inputs are used to either reset or halt the 
processor and to indicate to the processor that bus errors have occurred. The three 
system control inputs are explained in the following paragraphs. 


4.2.6.1 Bus Error (BERR). This input informs the processor that there is a problem with 
the cycle currently being executed. Problems may be a result of: 

1. nonresponding devices 

2. interrupt vector number acquisition failure 

3. illegal access request as determined by a memory management unit 

4. other application dependent errors. 

The bus error signal interacts with the halt signal to determine if exception processing 
should be performed or the current bus cycle should be retried. 

Refer to paragraph 4.3.3 for additional information about the interaction of the bus error 
and halt signals. 


4.2.6.2 Reset (RESET). This bidirectional signal line acts to reset (initiate a system in¬ 
itialization sequence) the processor in response to an external reset signal. An internally 
generated reset (result of a RESET instruction) causes all external devices to be reset 
and the internal state of the processor is not affected. A total system reset (processor 
and external devices) is the result of external halt and reset signals applied at the same 
time. Refer to paragraph 4.3.6 for additional information about reset operation. 


4.2.6.3 Halt (HALT). When this bidirectional line is driven by an external device, it will 
cause the processor to stop at the completion of the current bus cycle. When the pro¬ 
cessor has been halted using this input, all control signals are inactive and all three-state 
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lines are put in their high-impedance state. Refer to paragraphs 4.3.3 and 4.3.4 for addi¬ 
tional information about the interaction between the halt and bus error signals. 


When the processor has stopped executing instructions, such as in a double bus fault 
condition, the halt line is driven by the processor to indicate to external devices that the 
processor has stopped. 


4.2.7 M6800 PERIPHERAL CONTROL. These control signals are used to allow the inter¬ 
facing of synchronous M6800 peripheral devices with the asynchronous MC68000. These 
signals are explained in the following paragraphs. 


4.2.7.1 Enable (E). This signal is the standard enable signal common to all M6800 type 
peripheral devices. The period for this output is ten MC68000 clock periods (six clocks 
low; four clocks high). 


4.2.7.2 Valid Peripheral Address (VPA). This input indicates that the device or region ad¬ 
dressed is an M6800 family device and that data transfer should coincide with the enable 
(E) signal. This input also indicates that the processor should use automatic vectoring for 
an interrupt. Refer to Section 6. 


4.2.7.3 Valid Memory Address (VMA). This output is used to indicate to M6800 peripheral 
devices that there is a valid address on the address bus and the processor is synchroniz¬ 
ed to enable. This signal only responds to a valid peripheral address (VPA) input which in¬ 
dicates that the peripheral is an M6800 family device. 


4.2.8 PROCESSOR STATUS (FCO, FC1, FC2). These function code outputs indicate the 
mode (user or supervisor) and the cycle type currently being executed as shown in Table 
4-2. The information indicated by the function code outputs is valid whenever address 
strobe (AS) is active. 


Table 4-2. Function Code Outputs 





Cycle Type 



B 

(Undefined, Reserved) 


Low 

High 

User Data 

Low 

High 

Low 

User Program 

Low 

High 

mimwm 

(Undefined, Reserved) 

High 

DOS' 

DSii 

(Undefined, Reserved) 

High 

| Low | 

High 

Supervisor Data 

mai 

■m 


Supervisor Program 


I High | 

| High | 

Interrupt Acknowledge 


4.2.9 CLOCK (CLK). The clock Input is a TTL compatible signal that is internally buffered 
for development of the internal clocks needed by the processor. The clock input shall be 
a constant frequency. 


36 

























4.2.10 SIGNAL SUMMARY. Table 4-3 is a summary of all the signals discussed in the 
previous paragraphs. 


Table 4-3. Signal Summary 


Signal Name 

Mnemonic 


Active State 

Three State 

Address Bus 

A1-A23 


High 

Yes 

Data Bus 

D0-D15 


High 

Yes 

Address Strobe 

AS 


Low 

Yes 

Read/Write 

R/W 


Read-High 
Write-Low 

Yes 

Upper and Lower Data Strobes 

UDS, LDS 


Low 

Yes 

Data Transfer Acknowledge 

DTSCk 

Input 

Low 

No 

Bus Request 

BR 

Input 

Low 

No 

Bus Grant 

BG 


Low 

No 

Bus Grant Acknowledge 

BGACK 

Input 

Low 

No 

Interrupt Priority Level 

IplO, iPD, (PC 

Input 

Low 

No 


BERR 

Input 

Low 

No 

Reset 

RESET 


Low 

No* 

Halt 

HALT 

Input/Output 

Low 

No* 

Enable 

E 



No 

Valid Memory Address 

VMA 


Low 

Yes 


VPA 

Input 

Low 

No 

Function Code Output 

FCO, FC1, FC2 


High 

Yes 

Clock 

CLK 

Input 

High 

No 

Power Input 

V CC 

Input 

- 

- 

Ground 

GND 

Input 

- 

- 


'Open Drain 


4.3 BUS OPERATION 

The following paragraphs explain control signal and bus operation during data transfer 
operations, bus arbitration, bus error and halt conditions, and reset operation. 


4.3.1 DATA TRANSFER OPERATIONS. Transfer of data between devices involves the 
following leads: 

• Address Bus A1 through A23 

• Data Bus DO through D15 

• Control Signals 

The address and data buses are separate parallel buses used to transfer data using an 
asynchronous bus structure. In ail cycles, the bus master assumes responsibility for 
deskewing all signals it issues at both the start and end of a cycle. In addition, the bus 
master is responsible for deskewing the acknowledge and data signals from the slave 
device. 

The following paragraphs explain the read, write, and read-modify-write cycles. The in¬ 
divisible read-modify-write cycle is the method used by the MC68000 for interlocked 
multiprocessor communications. 

NOTE 

The terms assertion and negation will be used extensively. This is done to avoid 
confusion when dealing with a mixture of “active-low” and “active-high” 
signals. The term assert or assertion is used to indicate that a signal is active 
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independent of whether that voltage is low or high. The term negation is used to 
indicate that a signal is inactive. 

Each of the bus cycle operations is defined in terms of a succession of states. 
These states are described for reference purposes only, and do not necessarily 
correspond to any implemented machine states. 


4.3.1.1 Read Cycle. During a read cycle, the processor receives data from memory or a 
peripheral device. The processor reads bytes of data in all cases. If the instruction 
specifies a word (or long word) operation, the processor reads both bytes. When the in¬ 
struction specifies byte operation, the processor uses the internal AO bit to determine 
which byte to read and then issues the data strobe required for that byte. For byte opera¬ 
tions, when the AO bit equals zero, the upper data strobe is issued. When the AO bit 
equals one, the lower data strobe is issued. When the data is received, the processor cor¬ 
rectly positions it internally. 

A word read cycle flow chart is given in Figure 4-2. A byte read cycle flow chart is given in 
Figure 4-3. Read cycle timing is given in Figure 4-4 and Figure 4-5 details word and byte 
read cycle operation. Refer to these illustrations during the following detailed discus¬ 
sion. 

At state zero (SO) in the read cycle, the address bus (A1 through A23) is in the high- 
impedance state. A function code is asserted on function code output lines FCO, FCT 
and FC2 to indicate which address space this cycle will operate on. The read/write (R/W) 
signal is switched high to indicate a read cycle. One-half clock cycle later, at state 1, the 
address bus is released from the high-impedance state. 

In state 2, the address strobe (AS) is asserted to indicate that there Is a valid address on 
the address bus and the upper and lower data strobe (UDS, LDS) is asserted as required. 
The memory or peripheral device uses the address bus and the address strobe to deter¬ 
mine if it has been selected. The selected device uses the read/write signal and the data 
strobe to place its information on the data bus. Concurrent with placin g data on the data 
bus, the selected device asserts data transfer acknowledge (DTACK). No new control 
signals are issued during states 3 and 4. 


Data transfer acknowledge must be present at the processor a setup time before the end 
of state 4 or the processor will substitute wait states for states 5 and 6. State 5 starts the 
synchronization of the returning data transfer acknowledge. The bus interface circuitry 
issues requests for subsequent internal cycles during state 6. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal data bus holding register. 

During state 7, address strobe and the upper and/or lower data strobes are negated. The 
address bus is held valid through state 7 to allow for static memory operation and signal 
skew. The read/write signal and the function code outputs also remain valid through 
state 7 to ensure a correct transfer operation. The slave device keeps its data asserted 
until it detects the negation of either the address strobe or the upper and/or lower data 
strobe. The slave device must remove its data and data transfer acknowledge within one 
clock period of recognizing the negation of the address or data strobes. Note that the 
data bus might not become free and data transfer acknowledge might not be removed 
until state 0 or 1. 
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When address strobe is negated, the slave device is released. Note that a slave device 
must remain selected as long as address strobe is asserted to ensure the correct func¬ 
tioning of the read-modify-write cycle as explained in paragraph 4.3.1.3. 

BUS MASTER SLAVE BUS MASTER SLAVE 


Address Device 

1) Set R/W to Read 

2) Place Function Code on FC0-FC2 

3) Place Address on A1-A23_ 

4) Assert Address Strobe (AS)_ 

5) Assert Upper D ata S trobe (UDS) and Low¬ 
er Data Strobe (LDS) 


I 

Input Data 

1) Decode Address 

2) Place Data on D0-D15 

3) Assert D ata Transfer Acknowledge 


(DTACK) 



Acquire Data 

1) Latch Data _____ 

2) Negate UDS and LDS 

3) Negate AS 



Terminate Cycle 
1) Remove Data from D0-D15 


2) Negate DTACK 



Start Next Cycle 


Address Device 

1) Set R/W to Read 

2) Place Function Code on FC0-FC2 

3) Place Address on A1-A23 

4) Assert Address Strobe (AS)_ 

5) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) (based on AO) 

I_, 

t 

Input Data 

1) Decode Address 

2) Place D ata o n D0-D7 or D8-D15 (based on 
. UDS or LDS) 

3) Assert D ata Transfer Acknowledge 
(DTACK) 



Acquire Data 

1) Latch D ata _ 

2) Negate UDS or LDS 

3) Negate AS 


Terminate Cycle 

1) Remov e Data fr om D0-D7 or D8-D15 

2) Negate DTACK 

f 1 

Start Next Cycle 


Figure 4-2. Word Read Cycle Flow Chart Figure 4-3. Byte Read Cycle Flow Chart 


4.3.1.2 Write Cycle. During a write cycle, the processor sends data to memory or a 
peripheral device. The processor writes bytes of data in all cases. If the instruction 
specifies a word operation, the processor writes both bytes. When the instruction 
specifies a byte operation, the processor uses the internal AO bit to determine which byte 
to write and then issues the data strobe required for that byte. For byte operations, when 
the AO bit equals zero, the upper data strobe is issued. When the AO bit equals one, the 
lower data strobe is issued. A word write cycle flow chart is given in Figure 4-6. A byte 
write cycle flow chart is given in Figure 4-7. Write cycle timing is given in Figure 4-4 and 
Figure 4-8 details word and byte write cycle operation. Refer to these illustrations during 
the following detailed discussion. 

At state zero (SO) in the write cycle, the address bus (A1 through A23) is in the high- 
impedance state. A function code is asserted on function code output lines FCO, FC1, 
and FC2 to indicate which address space this cycle will operate on. 
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NOTE 

The read/write (RA/V) signal remains high until state 2 to prevent bus conflicts 
with preceding read cycles. The data bus is not driven until state 3. 

One-half clock cycle later, at state 1, the address bus is released from the high- 
impedance state. 

In state 2, the address strobe (AS) is asserted to indicate that there is a valid address on 
the address bus. The memory or peripheral device uses the address bus and the address 
strobe to determine if it has been selected. During state 2, the read/write signal is switch¬ 
ed low to indicate a write cycle. When external processor data bus buffers are required, 
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BUS MASTER 


SLAVE 


BUS MASTER 


SLAVE 


1) Place Function Code on FC0-FC2 

2) Place Address on A1-A23_ 

3) Assert Address Strobe (AS) 

4) Set R/W to Write 

5) Place Data on D0-D15 

6) Assert Upper Data S trob e (UDS) and 
Lower Data Strobe (COS) 


Address Device 

1) Place Function Code on FC0-FC2 

2) Place Address on A1-A23 

3) Assert Address Strobe (AS) 

4) Set R/W to Write 

5) Place Data on D0-D7 or D8-D15 (according 
to AO) 

6) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LD§) (based on AO) 


Input Data 

1) Decode Address 

2) Store Data on D0-D15 

3) Assert D ata Transfer Acknowledge 
(DTACK) 


Input Data 

1) Decode Address __ 

2) Store Data on D0-D7 if LDS is asserted 
Store Data on D8-D15 if UDS is asserted 

3) Assert D ata Transfer Acknowledge 
(DTACK) 


Terminate Output Transfer 

1) Negate UDS and LDS 

2) Negate AS 

3) Remove_Data from D0-D15 

4) Set R/W to Read 


Terminate Output Transfer 

1) Negate UD S and LDS 

2) Negate AS 

3) Remove_Data from D0-D7 or D8-D15 

4) Set R/W to Read 


Terminate Cycle 
1) Negate DTACK 


Terminate Cycle 
1) Negate DTACK 


Start Next Cycle 


Start Next Cycle 


Figure 4-6. Word Write Cycle Flow Chart Figure 4-7. Byte Write Cycle Flow Chart 
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Figure 4-8. Word and Byte Write Cycle Timing Diagram 






the read/write line provides sufficient directional control. Data is not asserted during this 
state to allow sufficient turnaround time for external data buffers (if used). Data is 
asserted onto the data bus during state 3. 

In state 4, the data strobes are asserted as required to indicate that the data bus is 
stable. The selected device uses the read/write signal and the data strobes to take its in¬ 
formation from the data bus.The selected device asserts data transfer acknowledge 
(DTACK) when it has successfully stored the data. 

Data transfer acknowledge must be present at the processor a setup time before the end 
of state 4 or the processor will substitute wait states for states 5 and 6. State 5 starts the 
synchronization of the returning data transfer acknowledge. The bus interface circuitry 
issues requests for subsequent internal cycles during state 6. 

During state 7, address strobe and the upper and/or lower data strobes are negated. The 
address and data buses are held valid through state 7 to allow for static memory opera¬ 
tion and signal skew. The read/write signal and the function code outputs also remain 
valid through state 7 to ensure a correct transfer operation. The slave device keeps its 
data transfer acknowledge asserted until it detects the negation of either the address 
strobe or the upper and/or lower data strobe. The slave device must remove its data 
transfer acknowledge within one clock period after recognizing the negation of the ad¬ 
dress or data strobes. Note that the processor releases the data bus at the end of state 7 
but that data transfer acknowledge might not be removed until state 0 or 1. When ad¬ 
dress strobe is negated, the slave device is released. 

4.3.1.3 Read-Modlfy-Write Cycle. The read-modify-write cycle performs a read, modifies 
the data in the arithmetic-logic unit, and writes the data back to the same address. In the 
MC68000 this cycle is indivisible in that the address strobe is asserted throughout the en¬ 
tire cycle. The test and set (TAS) instruction uses this cycle to provide meaningful com¬ 
munication between processors in a multiple processor environment. This instruction is 
the only instruction that uses the read-modify-write cycle and since the test and set in¬ 
struction only operates on bytes, all read-modify-write cycles are byte operations. A read- 
modify-write cycle flow chart is given in Figure 4-9 and a timing diagram is given in Figure 
4-10. Refer to these illustrations during the following detailed discussions. 

At state zero (SO) in the read-modify-write cycle, the address bus (A1 through A23) is in 
the high-impedance state. A function code is asserted on function code output lines FCO, 
FCT and FC2 to indicate which address space this cycle will operate on. The read/write 
(R/W) signal is switched high to indicate a read cycle. One-half clock cycle later, at state 
1, the address bus is released from the high-impedance state. 

In state 2, the address strobe (AS) is asserted to indi cate t hat t here is a valid address on 
the address bus and the upper or lower data strobe (UDS, LDS) is asserted as required. 
The memory or peripheral device uses the address bus and the address strobe to deter¬ 
mine if it has been selected. The selected device uses the read/write signal and the data 
strobe to place its information on the data bus. Concurrent with placing data on the data 
bus, the selected device asserts data transfer acknowledge (DTACK). No new control 
signals are issued during states 3 and 4. 

Data transfer acknowledge must be present at the processor a setup time before the end 
of state 4 or the processor will substitute wait states for states 5 and 6. State 5 starts the 
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synchronization of the returning data transfer acknowledge. The bus interface circuitry 
issues requests for subsequent internal cycles during state 6. At the end of state 6 
(beginning of state 7) incoming data is latched into an internal data bus holding register. 

During state 7, the upper or lower data strobe is negated. The address bus, address 
strobe, read/write signal, and function code outputs remain as they were in preparation 
for the write portion of the cycle. The slave device keeps its data asserted until it detects 
the negation of the upper or lower data strobe. The slave device must remove its data and 
data transfer acknowledge within one clock period of recognizing the negation of the 
data strobes. No new control signals are issued during state 8. Internal modification of 
data may occur at this time. 


BUS MASTER 


SLAVE 


Address Device 

1) Set R/W to Read 

2) Place Function Code on FC0-FC2 

3) Place Address on A1-A23^ 

4) Assert Address Strobe (AS)_ 

5) Assert Upper Data S trob e (UDS) or 
Lower Data Strobe (LDS) 


t 

Input Data 

1) Decode Address 

2) Place Data on D0-D7 or D8-D15 

3) Assert Data Transfer Acknowledge 
(DTACK) 


r~ 

Acquire Data 

1) Latch D ata _ 

2) Negate UDS or LDS 

3) Start Data Modification 


f 

Start Output Transfer 

1) Set R/W to Write 

2) Place Data on D0-D7 or D8 -D15 

3) Assert Upper Data Strobe (UDS) or Lower 
Data Strobe (LDS) 


f 

Terminate Output Transfer 

1) Negate U55 or LDS 

2) Negate AS 

3) Remove Data from D0-D7 or D8-D15 

4) Set R/W to Read 


Start Next Cycle 


Terminate Cycle 

1) Remov e Data fr om D0-D7 or D8-D15 

2) Negate DTACK 

_I 


I 

Input Data 

1) Store Data on D0-D7 or D8-D15 

2) Assert D ata Transfer Acknowledge 
(DTACK) 


f 


Terminate Cycle 
1) Negate DTACK 


Figure 4*9. Read-Modify-Write Cycle Flow Chart 
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Figure 4-10. Read-Modify-Write Cycle Timing Diagram 


NOTE 

The read/write signal remains high until state 14 to prevent bus conflicts with 
the preceding read portion of the cycle and the data bus is not asserted by the 
processor until state 15. 

No new control signals are issued in state 9. 

In state 14, the read/write signal is switched low to indicate a write cycle. When external 
processor data bus buffers are required, the read/write line provides sufficient direc¬ 
tional control. Data is not asserted during this state to allow sufficient turnaround time 
for external data buffers (if used). Data is asserted onto the data bus during state 15. 

In state 16, the data strobe is asserted as required to indicate that the data bus is stable. 
The selected device uses the read/write signal and the data strobe to take i ts infor mation 
from the data bus.The selected device asserts data transfer acknowledge (DTACK) when 
it has successfully stored its data. No new control signals are issued during states 17 
and 18. 

Data transfer acknowledge must be present at the processor a setup time before the end 
of state 16 or the processor will substitute wait states for states 17 and 18. State 17 
starts the synchronization of the returning data transfer acknowledge for the write por¬ 
tion of the cycle. The bus interface circuitry issues requests for subsequent internal 
cycles during state 18. 


During state 19, address strobe and the upper or lower data strobe is negated. The ad¬ 
dress and data buses are held valid through state 19 to allow for static memory operation 
and signal skew. The read/write signal and the function code outputs also remain valid 
through state 19 to ensure a correct transfer operation. The slave device keeps its data 
transfer acknowledge asserted until it detects the negation of either the address strobe 
or the upper or lower data strobe. The slave device must remove its data transfer 
acknowledge within one clock period after recognizing the negation of the address or 
data strobes. Note that the processor releases the data bus at the end of state 19 but 
that data transfer acknowledge might not be removed until state 0 or 1. When address 
strobe is negated the slave device is released. 
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4.3.2 BUS ARBITRATION. Bus arbitration is a technique used by master-type devices to 
request, be granted, and acknowledge bus mastership. In it simplest form, it consists of: 

1. Asserting a bus mastership request 

2. Receiving a grant that the bus is available at the end of the current cycle 

3. Acknowledging that mastership has been assumed. 

Figure 4-11 is a flow chart showing the detail involved in a request from a single device. 
Figure 4-12 is a timing diagram for the same operations. This technique allows process¬ 
ing of bus requests during data transfer cycles. 

The timing diagram shows that the bus request is negated at the time that an 
acknowledge is asserted. This type of operation would be true for a system consisting of 
the processor and one device capable of bus mastership. In systems having a number of 
devices capable of bus mastership, the bus request line from each device is wire ORed to 
the processor. In this system, it is easy to see that there could be more than one bus re¬ 
quest being made. The timing diagram shows that the bus gra nt signal is negated a few 
clock cycles after the transition of the acknowledge (BGACK) signal. 

However, if the bus requests are still pending, the processor will assert another bus grant 
within a few clock cycles after it was negated. This additional assertion of bus grant 
allows external arbitration circuitry to select the next bus master before the current bus 
master has completed its requirements. The following paragraphs provide additional in¬ 
formation about the three steps in the arbitration process. 


4.3.2.1 Requesting the Bus. External devices capable of becoming bus masters request 
the bus by asserting the bus request (BR) signal. This is a wire ORed signal (although it 
need not be constructed from open collector devices) that indicates to the processor that 
some external device requires control of the external bus. The processor is effectively at 
a lower bus priority level than the external device and will relinquish the bus after it has 
completed the last bus cycle it has started. 

When no acknowledge is received before the bus request signal goes inactive, the pro¬ 
cessor will continue processing when it detects that the bus request is inactive. This 
allows ordinary processing to continue if the arbitration circuitry responded to noise in¬ 
advertently. 


4.3.2.2 Receiving the Bus Grant. The processor asserts bus grant (BG) as soon as possi¬ 
ble. Normally, this is immediately after internal synchronization. The only exception to 
this occurs when the processor has made an internal decision to execute the next bus cy¬ 
cle but has not progressed far enough into the cycle to have asserted the address strobe 
(AS) signal. In this case, bus grant will not be asserted until one clock after address 
strobe is asserted to indicate to external devices that a bus cycle is being executed. 

The bus grant signal may be routed through a daisy-chained network or through a 
specific priority-encoded network. The processor is not affected by the external method 
of arbitration as long as the protocol is obeyed. 
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PROCESSOR 


REQUESTING DEVICE 


Request the Bus 
1) Assert Bus Request (BR) 



1) External arbitration determines next bus 
master 

2) Next bus master waits for current cycle to 
complete 

3) Next bus mast er assert s Bus Grant 
Acknowledge (BGACK) to become new 
master 

4) Bus master negates BR 



Terminate Arbitration 

1) Negate BG (and wait for BGACK to be 
negated) 



1) Perform Data Transfers (Read and Write 
cycles) according to the same rules the pro- 



Figure 4-11. Bus Arbitration Cycle Flow-Chart 






Figure 4-12. Bus Arbitration Cycle Timing Diagram 
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4.3.2.3 Acknowledgement of Mastership. Upon receiving a bus grant, the requesting 
device waits until address strobe, data tran sfer ac knowledge, and bus grant 
acknowledge are negated before issuing its own BGACK. The negation of the address 
strobe indicates that the previous master has completed its cycle, the negation of bus 
grant acknowledge indicates that the previous master has released the bus. (While ad¬ 
dress strobe is asserted no device is allowed to “break into” a cycle.) The negation of 
data transfer acknowledge indicates the previous slave has terminated its connection to 
the previous master. Note that in some applications data transfer acknowledge might 
not enter into this function. General purpose devices would then be connected such that 
they were only dependent on address strobe. When bus grant acknowledge is issued, the 
device is bus master until it negates bus grant acknowledge. Bus grant acknowledge 
should not be negated until after the bus cycle(s) is (are) completed. Bus mastership is 
terminated at the negation of bus grant acknowledge. 


The bus request from the granted device should be dropped after bus grant acknowledge 
is asserted. If bus request is still pending, another bus grant will be asserted within a few 
cycles of the negation of bus grant. Refer to paragraph 4.3.2.4 for information on bus ar¬ 
bitration control within the processor. 


4.S.2.4 Bus Arbitration Control. The bus arbitration control unit in the MC68000 is im¬ 
plemented with a finite state machine. A state diagram of this machine is shown in 
Figure 4-13. All asynchronous signals to the MC68000 are synchronized before being 
used internally. This synchronization is accomplished in a maximum of one cycle of the 
system clock, assuming that the asynchronous input setup time (No. 47 in the data 
sheet) has been met. The input signal is sampled on the falling edge of the clock and is 
valid internally after the next falling edge. 

As shown in Figure 4-13, input signals labeled R and A are internally synchronized on the 
bus request and bus grant acknowledge pins, respectively. The bus grant output is label¬ 
ed G and the internal three-state control signal G. If T is true, the address, data, and con¬ 
trol buses are placed in a high-impedance state when address strobe is negated. All 
signals are shown in positive logic (active high) regardless of their true active voltage 
level. State changes (valid outputs) occur on the next rising edge after the internal signal 
is valid. 

A timing diagram of the bus arbitration sequence during a processor bus cycle is shown 
in Figure 4-14. The bus arbitration sequence while the bus is inactive (i.e., executing inter¬ 
nal operations such as a multiply instruction) is shown in Figure 4-15. 


4.3.3 BUS ERROR AND HALT OPERATION. In a bus architecture that requires a hand¬ 
shake from an external device, the possibility exists that the handshake might not occur. 
Since different systems will require different maximum response time, a bus error input 
is provided. External circuitry must be used to determine the duration between address 
strobe and data transfer acknowledge before issuing a bus error signal. When a bus error 
signal is received, the processor has two options: initiate a bus error exception sequence 
or try running the bus cycle again. 
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Figure 4-15. Bus Arbitration Timing During Inactive Bus Cycle 




Figure 4-16. Bus Arbitration Timing During Special Case 
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4.3.3.1 Exception Sequence. When a bus error signal is asserted, the current bus cycle is 
terminated, if bus error is asserted before the falling edge of S4, address strobe will be 
negated in S7 In either a read or write cycle. As long as bus error remains asserted, the 
data and address buses will be in the high-impedance state. When bus error is negated, 
the processor will begin stacking for exception processing. Figure 4-17 is a timing 
diagram for the exception sequence. The sequence is composed of the following 
elements: 

1. Stacking the program counter and status register 

2. Stacking the error information 

3. Reading the bus error vector table entry 

4. Executing the bus error handler routine 


D0-D15 - 

FCO-2 zx 

BERR- 

HALT- 


k Initiate 

P^ acl --Response Failure- 



-TV 

-JV 


=!^=£ 


-Bus Error Detection-— 


Initiate Bus 
Error Stacking 


Figure 4-17. Bus Error Timing Diagram 


The stacking of the program counter and the status register is the same as if an interrupt 
had occurred. Several additional items are stacked when a bus error occurs. These items 
are used to determine the nature of the error and to correct it, if possible. The bus error 
vector is vector number two located at address $000008. The processor loads the new 
program counter from this location. A software bus error handler routine is then ex¬ 
ecuted by the processor. Refer to Section 5 for additional information. 


4.3.3.2 Re-Running the Bus Cycle. When, during a bus-cycle, the processor receives a bus 
error signal and the halt pin is being driven by an external device, the processor enters 
the re-run sequence. Figure 4-18 is a timing diagram for re-running of the bus cycle. 

The processor terminates the bus cycle, then puts the address and data output lines in 
the high-impedance state. The processor remains “halted,” and will not run another bus 
cycle until the halt signal is removed by external logic. Then the processor will re-run the 
previous bus cycle, using the same address, the same function codes, the same data (for 
a write operation), and the same controls. The bus error signal should be removed at 
least one clock cycle before the halt signal is removed. 
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NOTE 

The processor will not re-run a read-modify-write cycle. This restriction is made 
to guarantee that the entire cycle runs correctly and that the write operation of 
a Test-and-Set operation Is performed without ever releasing address strobe. If 
bus error and halt are asserted during a read-modify-write bus cycle, a bus error 
operation results. 
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Figure 4-18. Re-Run Bus Cycle Timing Information 


4.3.3.3 Halt Operation with No Bus Error. The halt input signal to the MC68000 performs a 
halt/run/single-step function in a similar fashion to the M6800 halt function. The halt and 
run modes are somewhat self explanatory in that when the halt signal is constantly ac¬ 
tive the processor “halts” (does nothing) and when the halt signal is constantly inactive 
the processor “runs” (does something). 


The single-step mode is derived from correctly timed transitions on the halt signal input. 
It forces the processor to execute a single bus cycle by entering the “run” mode until the 
processor starts a bus cycle then changing to the “halt” mode. Thus, the single step 
mode allows the user to proceed through (and therefore debug) processor operations one 
bus cycle at a time. 

Figure 4-19 details the timing required for correct single-step operation and Figure 4-20 
shows a simple circuit for providing the single-step function. Some care must be exercis¬ 
ed to avoid harmful interactions between the bus error signal and the halt pin when using 
the single cycle mode as a debugging tool. This is also true of interactions between the 
halt and reset lines since these can reset the machine. 

When the processor completes a bus cycle after recognizing that the halt signal is active, 
the address and data lines are put in the high-impedance state. This is required for cor¬ 
rect performance of the re-run bus cycle operation described in paragraph 4.3.3.2. 

While the processor is honoring the halt request, bus arbitration performs as usual. That 
is, halting has no effect on bus arbitration. It is the bus arbitration function that removes 
the control signals from the bus. 
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Figure 4-19. Halt Signal Timing Characteristics 
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Figure 4*20. Simplified Single-Step Circuit 

The halt function and the hardware trace capability allow the hardware debugger to trace 
single bus cycles or single instructions at a time. These processor capabilities, along 
with a software debugging package, give total debugging flexibility. 
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4.3.3.4 Double Bus Faults. When a bus error exception occurs, the processor will attempt 
to stack several words containing information about the state of the machine. If a bus er¬ 
ror exception occurs during the stacking operation, there have been two bus errors in a 
row. This is commonly referred to as a double bus fault. When a double bus fault occurs, 
the processor will halt. Once a bus error exception has occurred, any bus error exception 
occurring before the execution of the next instruction constitutes a double bus fault. 

Note that a bus cycle which is re-run does not constitute a bus error exception, and does 
not contribute to a double bus fault. Note also that this means that as long as the exter¬ 
nal hardware requests it, the processor will continue to re-run the same bus cycle. 

The bus error pin also has an effect on processor operation after the processor receives 
an external reset input. The processor reads the vector table after a reset to determine 
the address to start program execution. If a bus error occurs while reading the vector 
table (or at any time before the first instruction is executed), the processor reacts as if a 
double bus fault has occurred and it halts. Only an external reset will start a halted pro¬ 
cessor. 


4.3.4 DTACK, BERR, HALT RELATIONSHIP. In ord e r to r eliabl y cont rol termination of a 
bus cycle for re-run or bus error conditions, DTACK, BERR, and HALT should be asserted 
and negated on the rising edge of the clock input to the MC68000. This will ensure that 
when BERR and DTACK are asserted simultaneously, th e asyn ch ronous setup time for 
both of them will be met during the same bus state. The BERR-to-DTACK-low parameter 
(No. 48 on the data sheet) is intended to ensure performance in a totally asynchronous 
system, and may be ignored if the above conditions are met. 

The preferred methods for terminating a bus cycle may be summarized as follows. 

Normal Termination — DTACK occurs first (case 1, Table 4-4). 

Halt Terminatio n — H ALT is asserted at same time as DTACK or precedes DTACK (no 
BERR) (cases 2 and 3, Table 4-4). 

Bus Error Termination — BERR is asserted in lieu of, at same time, or precedes DTACK 
(case 4, Table 4-4); BERR is negated at same time, or after DTACK. 
Re-Run Termination — HALT and BERR a sserte d at same time as, or before DTACK 
(cases 6 and 7, Table 4-4); HALT must be negated at least one cycle 
after BERR. Case 5 indicates that BERR may precede HALT on all ex¬ 
cept R9M, T6E, and BF4 mask sets, allowing fully asynchronous asser¬ 
tion. 

Table A and B detail the resulting bus cycle termination due to the assertion and nega¬ 
tion of various combinations of control signal sequences. These tables assume that the 
asynchronous setup time requirement for both BERR and DTACK is met in the same bus 
state. Also, DTAC K is assumed to be negated normally in all cases; for best results, both 
BERR and DTACK should be negated when address strobe is negated. The following ex¬ 
amples illustrate how these control signals might be used. 

Example A: 

A system uses a watch- dog ti mer to terminate accesses to unpopulated address space. 
The timer asserts BERR and DTACK simultaneously after timeout (case 4, Table 4-4). 
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Example B: 

A system uses error detection on RAM content. The designer may: 

a. Delay DTACK until data is verified; if valid, return DTACK. If invalid, return BERR and 
HALT simultaneously to re-run the bus cycle (case 6, Table 4-4). 

b. Delay DTACK until data is verified; if valid, return DTACK. If invalid, return BERR and 
DTACK simultaneously (case 4, Table 4-4). 

c. Return DTACK before data is verified; if data is invalid, assert BERR in next bus 
cycle. Error-handling software must know how to recover error cycle. 


Table 4-4. DTACK, BERR, HALT Assertion Results 


Case 

No. 

Control 

Signal 

Asserted on Rising 
Edge of State 

Result 

N 

■w 



DTACK 

A 

s 



BERR 

NA 

X 

Normal cycle terminate and continue. 


HALT 

NA 

X 




mm 

S 



BERR 


X 

Normal cycle terminate and halt. Continue when HALT removed. 


HALT 

W 

s 



DTACK 

■ 



3 

BERR 



Normal cycle terminate and halt. Continue when HALT removed. 


HALT 

WEM 

s 


■ 

DTACK 

X 

X 



BERR 

A 

s 

Terminate and take bus error trap. 


HALT 

NA 

NA 



DTACK 


X 

R9M, T6E, BF4: Unpredictable results, no re-run, no error trap; 

5 

BERR 


s 

usually traps to vector number 0. 


HALT 

NA 

A 

All others: terminate and re-run. 


DTACK 

n 

X 


6 

BERR 

Kfl 

s 

Terminate and re-run. 


HALT 


s 



DTACK 

beb 

X 



BERR 


A 

Terminate and re-run when HALT removed. 


HALT 

— 

s 



Legend: 

N = the number of the current even bus state (e.g., S2, S4, etc.) 

A = signal is asserted in this bus state 
NA = signal is not asserted in this state 
X = don't care 

S = signal was asserted in previous state and remains asserted in this state 


Table 4-5. BERR and HALT Negation Results 


Conditions of 
Termination in 
Table A 

Control 

Signal 

Negated on Rising 
Edge of State 

N N + 2 

Results — Next Cycle 

Bus Error 

BERR 

HALT 

WBM EniSi 

Takes bus error trap. 

Re-run 


N 

Illegal sequence; usually traps 
to vector number 0. 

Re-run 

Birjil 

X 

X 

Re-runs the bus cycle. 

Normal 

BERR 

HALT 

— 

May lengthen next cycle. 

Normal 

BERR 

HALT 


If next cycle is started, it will 
be terminated as a bus error. 


X = signal is negated in this bus state 
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4.3.5 RESET OPERATION. The reset signal is a bidirectional signal that allows either the 
processor or an external signal to reset the system. Figure 4-21 is a timing diagram for 
the reset operation. Both the halt and the reset lines must be applied to ensure total reset 
of the processor. 

When the reset and halt lines are driven by an external device, it is recognized as an en¬ 
tire system reset, including the processor. The processor responds by reading the reset 
vector table entry (vector number zero, address $000000) and loads it into the supervisor 
stack pointer (SSP). Vector table entry number one at address $000004 is read next and 
loaded into the program counter. The processor initializes the status register to an inter¬ 
rupt level of seven. No other registers are affected by the reset sequence. 

When a RESET instruction is executed, the processor drives the reset pin for 124 clock 
pulses. In this case, the processor is trying to reset the rest of the system. Therefore, 
there is no effect on the internal state of the processor. All of the processor’s internal 
registers and the status register are unaffected by the execution of a RESET instruction. 

All external devices connected to the reset line should be reset at the completion of the 
RESET instruction. 

Asserting the reset and halt lines for ten clock cycles will cause a processor reset, ex¬ 
cept when Vcc is initially applied to the processor. In this case, an external reset must 
be applied to the reset pin for at least 100 milliseconds. 


CLK 

Plus 5 Volts 
v cc 

RESET 

HALT 


Bus Cycle 


MiniiM* 



h— t > 100 Milliseconds —h 


1_! 

1_I 

i-*- 1 —♦( 

XX)000000000000000-(ZZXZDCZXZIXZ: 

2 3 4 5 6 


Notes 

1) Internal start-up time 

2) SSP High read in here 

3) SSP Low read in here 
41 PC High read in here 

5) PC Low read in here 

6) First instruction fetched here 


Bus State Unknown 
All Control Signals Inactive 
Data Bus In Read Mode 

Figure 4-21. Reset Operation Timing Diagram 


xxxxx 
>—< 
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SECTION 5 

EXCEPTION PROCESSING 


5.1 INTRODUCTION 

This section describes the actions of the MC68000 which are outside the normal process¬ 
ing associated with the execution of instructions. The functions of the bits in the super¬ 
visor portion of the status register are covered: the supervisor/user bit, the trace enable 
bit, and the processor priority mask. Finally, the sequence of memory references and ac¬ 
tions taken by the processor on exception conditions is detailed. 

5.2 PROCESSING STATES 

The MC68000 is always in one of three processing states: normal, exception, or halted. 
The normal processing state is that associated with instruction execution; the memory 
references are to fetch instructions and operands, and to store results. A special case of 
the normal state is the stopped state which the processor enters when a STOP instruc¬ 
tion is executed. In this state, no further memory references are made. 

The exception processing state is associated with interrupts, trap instructions, tracing 
and other exceptional conditions. The exception may be internally generated by an in¬ 
struction or by an unusual condition arising during the execution of an instruction. Exter¬ 
nally, exception processing can be forced by an interrupt, by a bus error, or by a reset. Ex¬ 
ception processing is designed to provide an efficient context switch so that the pro¬ 
cessor may handle unusual conditions. 

The halted processing state is an indication of catastrophic hardware failure. For exam¬ 
ple, if during the exception processing of a bus error another bus error occurs, the pro¬ 
cessor assumes that the system is unusable and halts. Only an external reset can restart 
a halted processor. Note that a processor in the stopped state is not in the halted state, 
nor vice versa. 


5.3 PRIVILEGE STATES 

The processor operates in one of two states of privilege: the “user" state or the “super¬ 
visor” state. The privilege state determines which operations are legal, is used by the ex¬ 
ternal memory management device to control and translate accesses, and is used to 
choose between the supervisor stack pointer and the user stack pointer in instruction 
references. 

The privilege state is a mechanism for providing security in a computer system. Pro¬ 
grams should access only their own code and data areas, and ought to be restricted from 
accessing information which they do not need and must not modify. 
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The privilege mechanism provides security by allowing most programs to execute in user 
state. In this state, the accesses are controlled and the effects on other parts of the 
system are limited. The operating system executes in the supervisor state, has access to 
all resources, and performs the overhead tasks for the user state programs. 


5.3.1 SUPERVISOR STATE. The supervisor state is the higher state of privilege. For in¬ 
struction execution, the supervisor state is determined by the S-bit of the status register; 
if the S-bit is asserted (high), the processor is in the supervisor state. All instructions can 
be executed in the supervisor state. The bus cycles generated by instructions executed 
in the supervisor state are classified as supervisor references. While the processor is in 
the supervisor privilege state, those instructions which use either the system stack 
pointer implicitly or address register seven explicitly access the supervisor stack pointer. 

All exception processing is done in the supervisor state, regardless of the setting of the 
S-bit. The bus cycles generated during exception processing are classified as supervisor 
references. All stacking operations during exception processing use the supervisor stack 
pointer. 


5.3.2 USER STATE. The user state is the lower state of privilege. For Instruction execu¬ 
tion, the user state is determined by the S-bit of the status register; if the S-bit is negated 
(low), the processor is executing instructions in the user state. 

Most instructions execute the same in user state as in the supervisor state. However, 
some instructions which have important system effects are made privileged. User pro¬ 
grams are not permitted to execute the STOP instruction, or the RESET instruction. To 
ensure that a user program cannot enter the supervisor state except in a controlled man¬ 
ner, the instructions which modify the whole status register are privileged. To aid in 
debugging programs which are to be used as operating systems, the move to user stack 
pointer (MOVE to USP) and move from user stack pointer (MOVE from USP) instructions 
are also privileged. 

The bus cycles generated by an instruction executed in user state are classified as user 
state references. This allows an external memory management device to translate the 
address and to control access to protected portions of the address space. While the pro¬ 
cessor is in the user privilege state, those instructions which use either the system stack 
pointer implicitly, or address register seven explicitly, access the user stack pointer. 


5.3.3 PRIVILEGE STATE CHANGES. Once the processor is in the user state and ex¬ 
ecuting instructions, only exception processing can change the privilege state. During 
exception processing, the current setting of the S-bit of the status register is saved and 
the S-bit is asserted, putting the processing in the supervisor state. Therefore, when in¬ 
struction execution resumes at the address specified to process the exception, the pro¬ 
cessor is in the supervisor privilege state. 

The transition from supervisor to user state can be accomplished by any of four instruc¬ 
tions: return from exception (RTE), move to status register (MOVE word to SR), AND im¬ 
mediate to status register (ANDI to SR), and exclusive OR immediate to status register 
(EORI to SR). The RTE instruction fetches the new status register and program counter 
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from the supervisor stack, loads each into its respective register, and then begins the in¬ 
struction fetch at the new program counter address in the privilege state determined by 
the S-bit of the new contents of the status register. The MOVE, ANDI, and EORI to Status 
Register instructions each fetch all operands in the supervisor state, perform the ap¬ 
propriate update to the status register, and then fetch the next instruction at the next se¬ 
quential program counter address in the privilege state determined by the new S-bit. 


5.3.4 REFERENCE CLASSIFICATION. When the processor makes a reference, it 
classifies the kind of reference being made, using the encoding of the three function 
code output lines. This allows external translation of addresses, control of access, and 
differentiation of special processor states, such as interrupt acknowledge. Table 5-1 
lists the classification of references. 


Table 5-1. Reference Classification 


Function Code Output 

Reference Class 

FC2 

FC1 

FCO 

0 

0 

0 

(Unassigned) 

0 

0 

1 

User Data 

0 

1 

0 

User Program 

0 

1 

1 

(Unassigned) 

1 

0 

0 

(Unassigned) 

1 

0 

1 

Supervisor Data 

1 

1 

0 

Supervisor Program 

1 

1 

1 

Interrupt Acknowledge 


If the four address spaces, user program, user data, supervisor program, and supervisor 
data, are externally separated, the processor can address up to 64 megabytes of 
memory. 


5.4 EXCEPTION PROCESSING 

Before discussing the details of interrupts, traps, and tracing, a general description of 
exception processing is in order. The processing of an exception occurs in four steps, 
with variations for different exception causes. During the first step, a temporary copy of 
the status register is made, and the status register is set for exception processing. In the 
second step the exception vector is determined, and the third step is the saving of the 
current processor context. In the fourth step a new context is obtained, and the pro¬ 
cessor switches to instruction processing. 


5.4.1 EXCEPTION VECTORS. Exception vectors are memory locations from which the 
processor fetches the address of a routine which will handle the exception. 

NOTE 

All exception vectors are two words in length as shown in Figure 5-1, except for 
the reset vector which is four words. All exception vectors lie in the supervisor 
data space, except for the reset vector which is in the supervisor program 
space. 
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A vector number is an 8-bit number which, when multiplied by four, gives the address of 
an exception vector. Vector numbers are generated internally or externally, depending on 
the cause of the exception. In the case of interrupts a peripheral provides an 8-bit vector 
number (Figure 5-2) to the processor on data bus lines DO through D7 during the interrupt 
acknowledge bus cycle. The processor translates the vector number into a full 24-bit ad¬ 
dress as shown in Figure 5-3. The memory map for exception vectors is given in Table 5-2. 


Word 0 

Word 1 


New Program Counter (High) 


New Program Counter (Low) 


A0 = 0, A1 =0 
A0 = 0, A1 = 1 


Figure 5-1. Exception Vector Format 

D15_D8D7_DO 


Ignored 

“““i 

v7 

v6 

v5 

v4 

v3 

v2 

vl 

vO 


Where: 

v7 is the MSB of the Vector Number 
vO is the LSB of the Vector Number 


Figure 5-2. Peripheral Vector Number Format 


A23_A10 A9 A8 A7 A6 A5 A4 A3 A2 A1 AO 


All Zeroes 

v7 

v6 



v3 

v2 

vl 

vO 

0 

0 


Figure 5-3. Address Translated from 8-Bit Vector Number 


As shown in Table 5-2, the memory layout is 512 words long (1024 bytes). It starts at ad¬ 
dress 0 (decimal) and proceeds through address 1023 (decimal). This provides 255 unique 
vectors; some of these are reserved for TRAPS and other system functions. Of the 255, 
there are 192 reserved for user interrupt vectors. However, there is no protection on the 
first 64 entries, so user interrupt vectors may overlap at the discretion of the systems 
designer. 


5.4.2 KINDS OF EXCEPTIONS. Exceptions can be generated by either internal or external 
causes. The externally generated exceptions are the interrupts and the bus error and 
reset requests. The interrupts are requests from peripheral devices for processor action 
while the bus error and reset inputs are used for access control and processor restart. 
The internally generated exceptions come from instructions, or from address errors or 
tracing. The trap (TRAP), trap on overflow (TRAPV), check register against bounds (CHK), 
and divide (DIV) instructions all can generate exceptions as part of their instruction ex¬ 
ecution. In addition, illegal instructions, word fetches from odd addresses, and privilege 
violations cause exceptions. Tracing behaves like a very high priority, internally 
generated interrupt after each instruction execution. 
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Table 5-2. Exception Vector Assignment 


Vector 

Number(s) 

Dec 

Address 

Hex 

Space 

Assignment 

0 

0 

000 

SP 

Reset: Initial SSP2 


4 

004 

SP 

Reset: Initial PC2 

2 

8 

008 

SD 

Bus Error 

3 

12 

ooc 

SO 

Address Error 

4 

16 

010 

SD 

Illegal Instruction 

5 

20 

014 

SD 

Zero Divide 

6 

24 

018 

SD 

CHK Instruction 

7 

28 

01C 

SD 

TRAPV Instruction 

8 

32 

020 

SD 

Privilege Violation 

9 

36 

024 

SD 

Trace 

10 

40 

028 

SD 

Line 1010 Emulator 

11 

44 

02C 

SD 

Line 1111 Emulator 

121 

48 

030 

SD 

(Unassigned, Reserved) 

13l 

52 

034 

SD 

(Unassigned, Reserved) 

141 

56 

038 

SD 

(Unassigned, Reserved) 

15 

60 

03C 

SD 

Uninitialized Interrupt Vector 

16-231 

64 

040 

SD 

(Unassigned, Reserved) 

95 

05F 


- 

24 

96 

060 

SD 

Spurious Interrupt^ 

26 

100 

064 

SD 

Level 1 Interrupt Autovector 

26 

104 

068 

SD 

Level 2 Interrupt Autovector 

27 

108 

06C 

SD 

Level 3 Interrupt Autovector 

28 

112 

070 

SD 

Level 4 Interrupt Autovector 

29 

116 

074 

SD 

Level 5 Interrupt Autovector 

30 

120 

078 

SD 

Level 6 Interrupt Autovector 

31 

124 

07 C 

SD 

Level 7 Interrupt Autovector 

32-47 

128 

080 

SD 

TRAP Instruction Vectors^ 

191 

0BF 



48-631 

192 

oco 

SD 

(Unassigned, Reserved) 

255 

OFF 


- 

64-255 

256 

100 

SD 

User Interrupt Vectors 

1023 

3FF 


- 


NOTES: 

1. Vector numbers 12, 13, 14, 16 through 23, and 48 through 63 are re¬ 
served for future enhancements by Motorola. No user peripheral devices 
should be assigned these numbers. 

2. Reset vector (0) requires four words, unlike the other vectors which only re¬ 
quire two words, and is located in the supervisor program space. 

3. The spurious interrupt vector is taken when there is a bus error indica¬ 
tion during interrupt processing. Refer to Paragraph 5.5.2. 

4. TRAP #n uses vector number 32 +n. 

5.4.3 EXCEPTION PROCESSING SEQUENCE. Exception processing occurs in four iden¬ 
tifiable steps. In the first step, an internal copy is made of the status register. After the 
copy is made, the S-bit is asserted, putting the processor into the supervisor privilege 
state. Also, the T-bit is negated which will allow the exception handler to execute 
unhindered by tracing. For the reset and interrupt exceptions, the interrupt priority mask 
is also updated. 


In the second step, the vector number of the exception is determined. For interrupts, the 
vector number is obtained by a processor fetch, classified as an interrupt acknowledge. 
For all other exceptions, internal logic provides the vector number. This vector number is 
then used to generate the address of the exception vector. 
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The third step is to save the current processor status, except for the reset exception. The 
current program counter value and the saved copy of the status register are stacked us¬ 
ing the supervisor stack pointer. The program counter value stacked usually points to the 
next unexecuted instruction, however for bus error and address error, the value stacked 
for the program counter is unpredictable and may be incremented from the address of 
the instruction which caused the error. Additional information defining the current con¬ 
text is stacked for the bus error and address error exceptions. 

The last step is the same for all exceptions. The new program counter value is fetched 
from the exception vector. The processor then resumes instruction execution. The in¬ 
struction at the address given in the exception vector is fetched and normal instruction 
decoding and execution is started. 

5.4.4 MULTIPLE EXCEPTIONS. These paragraphs describe the processing which occurs 
when multiple exceptions arise simultaneously. Exceptions can be grouped according to 
their occurrence and priority. The Group 0 exceptions are reset, bus error, and address er¬ 
ror. These exceptions cause the instruction currently being executed to be aborted, and 
the exception processing to commence at the next minor cycle of the processor. The 
Group 1 exceptions are trace and interrupt, as well as the privilege violations and illegal 
instructions. These exceptions allow the current instruction to execute to completion, 
but preempt the execution of the next instruction by forcing exception processing to oc¬ 
cur (privilege violations and illegal instructions are detected when they are the next in¬ 
struction to be executed). The Group 2 exceptions occur as part of the normal processing 
of instructions. The TRAP, TRAPV, CHK, and zero divide exceptions are in this group. For 
these exceptions, the normal execution of an instruction may lead to exception process¬ 
ing. 

Group 0 exceptions have highest priority, while Group 2 exceptions have lowest priority. 
Within Group 0, reset has highest priority, followed by bus error and then address error. 
Within Group 1, trace has priority over external interrupts, which in turn takes priority 
over illegal instruction and privilege violation. Since only one instruction can be executed 
at a time, there is no priority relation within Group 2. 

The priority relation between two exceptions determines which is taken, or taken first, if 
the conditions for both arise simultaneously. Therefore, if a bus error occurs during a 
TRAP instruction, the bus error takes precedence, and the TRAP instruction processing 
is aborted. In another example, if an interrupt request occurs during the execution of an 
instruction while the T-bit is asserted, the trace exception has priority, and is processed 
first. Before instruction execution resumes, however, the interrupt exception is also pro¬ 
cessed and instruction processing commences finally in the interrupt handler routine. A 
summary of exception grouping and priority is given in Table 5-3. 


Table 5-3. Exception Grouping and Priority 


Group 

Exception 

Processing 

0 

Reset 

Bus Error 
Address Error 

Exception processing begins at the next minor cycle 

1 

Trace 

Interrupt 

Illegal 

Privilege 

Exception processing begins before the next instruction 

2 

TRAP, TRAPV, 
CHK 

Zero Divide 

Exception processing is started by normal instruction execution 
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5.5 EXCEPTION PROCESSING DETAILED DISCUSSION 


Exceptions have a number of sources and each exception has processing which is . 
peculiar to it. The following paragraphs detail the sources of exceptions, how each 
arises, and how each is processed. 


5.5.1 RESET. The reset input provides the highest exception level. The processing of the 
reset signal is designed for system initiation, and recovery from catastrophic failure. Any 
processing in progress at the time of the reset is aborted and cannot be recovered. The 
processor is forced into the supervisor state and the trace state is forced off. The pro¬ 
cessor interrupt priority mask is set at level seven. The vector number is internally 
generated to reference the reset exception vector at location 0 in the supervisor program 
space. Because no assumptions can be made about the validity of register contents, in 
particular the supervisor stack pointer, neither the program counter nor the status 
register is saved. The address contained in the first two words of the reset exception vec¬ 
tor is fetched as the initial supervisor stack pointer, and the address in the last two words 
of the reset exception vector is fetched as the initial program counter. Finally, instruction 
execution is started at the address in the program counter. The power-up/restart code 
should be pointed to by the initial program counter. 

The RESET instruction does not cause loading of the reset vector, but does assert the 
reset line to reset external devices. This allows the software to reset the system to a 
known state and then continue processing with the next instruction. 


5.5.2 INTERRUPTS. Seven levels of interrupt priorities are provided. Devices may be 
chained externally within interrupt priority levels, allowing an unlimited number of 
peripheral devices to interrupt the processor. Interrupt priority levels are numbered from 
one to seven, level seven being the highest priority. The status register contains a three- 
bit mask which indicates the current processor priority, and interrupts are inhibited for 
all priority levels less than or equal to the current processor priority. 

An interrupt request is made to the processor by encoding the interrupt request level on 
the interrupt request lines; a zero Indicates no interrupt request. Interrupt requests arriv¬ 
ing at the processor do not force immediate exception processing, but are made pend¬ 
ing. Pending interrupts are detected between instruction executions. If the priority of the 
pending interrupt is lower than or equal to the current processor priority, execution con¬ 
tinues with the next instruction and the interrupt exception processing is postponed. 
(The recognition of level seven is slightly different, as explained in the following 
paragraph.) 
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If the priority of the pending interrupt is greater than the current processor priority, the 
exception processing sequence is started. First a copy of the status register is saved, 
and the privilege state is set to supervisor, tracing is suppressed, and the processor 
priority level is set to the level of the interrupt being acknowledged. The processor fet¬ 
ches the vector number from the interrupting device, classifying the reference as an in¬ 
terrupt acknowledge and displaying the level number of the interrupt being acknowledg¬ 
ed on the address bus. If external logic requests an automatic vectoring, the processor 
internally generates a vector number which is determined by the interrupt level number 
(see paragraph 6.3). If external logic indicates a bus error, the interrupt is taken to be 
spurious and the generated vector number references the spurious interrupt vector. The 
processor then proceeds with the usual exception processing, saving the program 
counter and status register on the supervisor stack. The saved value of the program 
counter is the address of the instruction which would have been executed had the inter¬ 
rupt not been present. The content of the interrupt vector whose vector number was 
previously obtained is fetched and loaded into the program counter and normal instruc¬ 
tion execution commences in the interrupt handling routine. A flow chart for the interrupt 
acknowledge sequence is given in Figure 5-4; a timing diagram is given in Figure 5-5. 


PROCESSOR INTERRUPTING DEVICE 

Request Interrupt 



Grant Interrupt 

1) Compare interrupt level in status register 
and wait for current instruction to complete 

2) Place interrupt level on A1, A2, A3 

3) Set R/W to read 

4) Set function code to interrupt acknowledge 

5) Assert address strobe (ASJ_ 

6) Assert lower data strobe (LDS) 


.1 

Provide Vector Number 

1) Place vector number on D0-D7 _ 

2) Assert data transfer acknowledge (DTACK) 



Acquire Vector Number 

1) Latch v ector number 

2) Negate LDS 

3) Negate AS 




Release 

1) Negate DTACK 



Start Interrupt Processing 

Figure 5-4. Interrupt Acknowledge Sequence Flow Chart 
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Last Bus Cycle of Instruction 
I (Read or Write) 


-*+*- 




IACK Cycle 

(Vector Number Acquisition) 


Stack and 

I Vector Fetch I 

-►K——- H 


Figure 5-5. Interrupt Acknowledge Sequence Timing Diagram 


Priority level seven is a special case. Level seven interrupts cannot be inhibited by the in¬ 
terrupt priority mask, thus providing a “non-maskable interrupt” capability. An interrupt 
is generated each time the interrupt request level changes from some lower level to level 
seven. Note that a level seven interrupt may still be caused by the level comparison if the 
request level is a seven and the processor priority is set to a lower level by an instruction. 


5.5.3 INSTRUCTION TRAPS. Traps are exceptions caused by instructions. They arise 
either from processor recognition of abornomal conditions during instruction, execution, 
or from use of instructions whose normal behavior is trapping. 

Exception processing for traps is straightforward. The status register is copied, the 
supervisor state is entered, and the trace state is turned off. The vector number is inter¬ 
nally generated; for the TRAP instruction, part of the vector number comes from the in¬ 
struction itself. The program counter and the copy of the status register are saved on the 
supervisor stack. The saved value of the program counter is the address of the instruc¬ 
tion after the instruction which generated the trap. Finally, instruction execution com¬ 
mences at the address contained in the exception vector. 

Some instructions are used specifically to generate traps. The TRAP instruction always 
forces an exception and is useful for implementing system calls for user programs. The 
TRAPV and CHK instructions force an exception if the user program detects a runtime er¬ 
ror, which may be an arithmetic overflow or a subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) instructions will force an exception if 
a division operation is attempted with a divisor of zero. 
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5.5.4 ILLEGAL AND UNIMPLEMENTED INSTRUCTIONS. Illegal instruction is the term 
used to refer to any word bit patterns which are not the bit pattern of the first word of a 
legal instruction. During instruction execution, if such an instruction is fetched, an illegal 
instruction exception occurs. Motorola reserves the right to define instructions whose 
opcodes may be any of the illegal instructions. Three bit patterns are reserved as per¬ 
manently illegal; they are: $4AFA, $4AFB, and $4AFC. Two of the patterns, $4AFA and 
$4AFB, are reserved for Motorola system products. The third pattern, $4AFC, is reserved 
for customer use and will always force an illegal instruction trap. 


Word patterns with bits 15 through 12 equaling 1010 or 1111 are distinguished as 
unimplemented instructions and separate exception vectors are given to these patterns 
to permit efficient emulation. This facility allows the operating system to detect program 
errors, or to emulate unimplemented instructions in software. 

Exception processing for illegal instructions is similar to that for traps. After the instruc¬ 
tion is fetched and decoding is attempted, the processor determines that execution of an 
illegal instruction is being attempted and starts exception processing. The status 
register is copied, the supervisor state is entered, and the trace state is turned off. The 
vector number is generated to refer to the illegal instruction vector, or in the case of 
unimplemented instructions, to the corresponding emulation vector. The current pro¬ 
gram counter and copy of the status register are saved on the supervisor stack, with the 
saved value of the program counter being the address of the illegal instruction. Finally, 
instruction commences at the address contained in the exception vector. 


5.5.5 PRIVILEGE VIOLATIONS. In order to provide system security, various instructions 
are privileged. An attempt to execute one of the privileged instructions while in the user 
state will cause an exception. The privileged instructions are: 

STOP AND Immediate to SR 

RESET EOR Immediate to SR 

RTE OR Immediate to SR 

MOVE to SR MOVE USP 

Exception processing for privilege violations is nearly identical to that for illegal instruc¬ 
tions. After the instruction is fetched and decoded, and the processor determines that a 
privilege violation is being attempted, the processor starts exception processing. The 
status register is copied, the supervisor state is entered, and the trace state is turned off. 
The vector number is generated to reference the privilege violation vector, and the cur¬ 
rent program counter and the copy of the status register are saved on the supervisor 
stack. The saved value of the program counter is the address of the first word of the in¬ 
struction which caused the privilege violation. Finally, instruction execution commences 
at the address contained in the privilege violation exception vector. 


5.5.6 TRACING. To aid in program development, the MC68000 includes a facility to allow 
instruction by instruction tracing. In the trace state, after each instruction is executed, 
an exception is forced, allowing a debugging program to monitor the execution of the 
program under test. 
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The trace facility uses the T-bit in the supervisor portion of the status register. If the T-bit 
is negated (off), tracing is disabled and instruction execution proceeds from instruction 
to instruction as normal. If the T-bit is asserted (on) at the beginning of the execution of 
an instruction, a trace exception will be generated after the execution of that instruction 
is completed. If the instruction is not executed, either because an interrupt is taken or 
the instruction is illegal or privileged, the trace exception does not occur. The trace ex¬ 
ception also does not occur if the instruction is aborted by a reset, bus error, or address 
error exception. If the instruction is indeed executed and an interrupt is pending on com¬ 
pletion, the trace exception is processed before the interrupt exception. If, during the ex¬ 
ecution of the instruction, an exception is forced by that instruction, the forced excep¬ 
tion is processed before the trace exception. 

As an extreme illustration of the above rules, consider the arrival of an interrupt during 
the exception of a TRAP instruction while tracing is enabled. First the trap exception is 
processed, then the trace exception, and finally the interrupt exception. Instruction ex¬ 
ecution resumes in the interrupt handler routine. 

The exception processing for trace is quite simple. After the execution of the instruction 
is completed and before the start of the next instruction, exception processing begins. A 
copy is made of the status register. The transition to supervisor privilege state is made 
and, as usual, the T-bit of the status register is turned off, disabling further tracing. The 
vector number is generated to reference the trace exception vector, and the current pro¬ 
gram counter and the copy of the status register are saved on the supervisor stack. The 
saved value of the program counter is the address of the next instruction, instruction ex¬ 
ecution commences at the address contained in the trace exception vector. 


5.5.7 BUS ERROR. Bus error exceptions occur when the external logic requests that a 
bus error be processed by an exception. The current bus cycle which the processor is 
making is then aborted. Whether the processor was doing instruction or exception pro¬ 
cessing, that processing is terminated, and the processor immediately begins exception 
processing. 

Exception processing for bus error follows the usual sequence of steps. The status 
register is copied, the supervisor state is entered, and the trace state is turned off. The 
vector number is generated to refer to the bus error vector. Since the processor was not 
between instructions when the bus error exception request was made, the context of the 
processor is more detailed. To save more of this context, additional information is saved 
on the supervisor stack. The program counter and the copy of the status register are of 
course saved. The value saved for the program counter is advanced by some amount, two 
to ten bytes beyond the address of the first word of the instruction which made the 
reference causing the bus error. If the bus error occurred during the fetch of the next in¬ 
struction, the saved program counter has a value in the vicinity of the current instruction, 
even if the current instruction is a branch, a jump, or a return instruction. Besides the 
usual information, the processor saves its internal copy of the first word of the instruc¬ 
tion being processed and the address which was being accessed by the aborted bus cy¬ 
cle. Specific information about the access is also saved: whether it was a read or a write, 
whether the processor was processing an instruction or not, and the classification 
displayed on the function code outputs when the bus error occurred. The processor is 
processing an instruction if it is in the normal state or processing a Group 2 exception; 
the processor is not processing an instruction if it is processing a Group 0 or a Group 1 
exception. Figure 5-6 illustrates how this information is organized on the supervisor 
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stack. If a bus error occurs during the last step of exception processing, while either 
reading the exception vector or fetching the instruction, the value of the program counter 
is the address of the exception vector. Although this information is not sufficient in 
general to effect full recovery from the bus error, it does allow software diagnosis. Final¬ 
ly, the processor commences instruction processing at the address contained in the vec¬ 
tor. It is the responsibility of the error handler routine to clean up the stack and determine 
where to continue execution. 

If a bus error occurs during the exception processing for a bus error, address error, or 
reset, the processor is halted, and all processing ceases. This simplifies the detection of 
a catastrophic system failure, since the processor removes itself from the system rather 
than destroy all memory contents. Only the RESET pin can restart a halted processor. 


Lower Address 


\— — Access Address - 


15 


13 12 


t— - Program Counter - 


10 


R/W l/N Function Code 


High 

Low 


Instruction Register 


Status Register 


High 

Low 


R/W (read/write): write = 0, read=1. I/N (instruction/not): instruction = 0, not=1 

Figure 5-6. Supervisor Stack Order for Bus or Address Error Exception 


5.5.8 ADDRESS ERROR. Address error exceptions occur when the processor attempts to 
access a word or a long word operand or an instruction at an odd address. The effect is 
much like an internally generated bus error, so that the bus cycle is aborted, and the pro¬ 
cessor ceases whatever processing it is currently doing and begins exception process¬ 
ing. After exception processing commences, the sequence is the same as that for bus er¬ 
ror including the information that is stacked, except that the vector number refers to the 
address error vector instead. Likewise, if an address error occurs during the exception 
processing for a bus error, address error, or reset, the processor is halted. As shown in 
Figure 5-7, an address error will execute a short bus cycle followed by exception process¬ 
ing. 
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Figure 5-7. Address Error Timing Diagram 
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SECTION 6 

INTERFACE WITH M6800 PERIPHERALS 


6.1 INTRODUCTION 

Motorola’s extensive line of M6800 peripherals are directly compatible with the MC68000. 
Some of these devices that are particularly useful are: 

• MC6821 Peripheral Interface Adapter 

• MC6840 Programmable Timer Module 

• MC6843 Floppy Disk Controller 

• MC6845 CRT Controller 

• MC6849 Dual Density Floppy Disk Controller 

• MC6850 Asynchronous Communication Interface Adapter 

• MC6852 Synchronous Serial Data Adapter 

• MC6854 Advanced Data Link Controller 

• MC68488 General Purpose Interface Adapter 

To interface the synchronous M6800 peripherals with the asynchronous MC68000, the 
processor modifies its bus cycle to meet the M6800 cycle requirements whenever an 
M6800 device address is detected. This is possible since both processors use memory 
mapped I/O. Figure 6-1 is a flow chart of the interface operations between the processor 
and M6800 devices. 


6.2 DATA TRANSFER OPERATION 

Three signals on the processor provide the M6800 interface. They are: enable (E), valid 
memory address (VMA), and valid peripheral address (VPA). Enable corresponds to the E 
or <t >2 signal in existing M6800 systems. It is the bus clock used by the M6800 peripherals 
to synchronize data transfer. Enable is a constant frequency clock that is one-tenth of 
the incoming MC68000 clock frequency. The timing of E allows 1 MHz peripherals to be 
used with an 8 MHz MC68000. Enable has a 60/40 duty cycle; that is, it is low for six input 
clocks a nd h igh for four input clocks. This duty cycle allows the processor to do two suc¬ 
cessive VPA accesses on successive E pulses. 

M6800 cycle timing is given in Figure 6-2. At state zero (SO) in the cycle, the address bus 
is in the high-impedance state. A function code is asserted on the function code output 
lines. One-half clock cycle later, in state 1, the address bus is released from the high- 
impedance state. 

During state 2, the address strobe (AS) is asserted to indicate that there is a valid address 
on the address bus. If the bus cycle is a read cycle, the upper and/or lower data strobes 
are also asserted in state 2. If the bus cycle is a write cycle, the read/write (R/W) signal is 
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PROCESSOR SLAVE 


Initiate Cycle 

1) The processor starts a normal Read or 
Write cycle I 

) 

Define M6800 Cycle 


1) External hardw are asserts Valid Peripheral 
Address (VPA) I 

f 

Synchronize With Enable 


1) The processor monitors Enable (E) until it is 
low (Phase 1) 

2) The pr ocess or asserts Valid Memory Ad¬ 
dress (VMA) I 

) 

Transfer Data 

1) The peripheral waits until E is active and 
then transfers the data 



Terminate Cycle 

1) The processor waits until E goes low. (On a 

Read cycle the data is latched as E goes 
low internally) __ 

2) The processor negates VMA_ _ 

3) The processor negates AS, UDS, and LDS 

i 

Start Next Cycle 


Figure 6-1. M6800 Interfacing Flow Chart 


switched to low (write) during state 2. One-half clock later, in state 3, the write data is 
placed on the data bus; and in state 4, the data strobes are issued to indicate valid data 
on the bus. The processor now inserts wait states until it recognizes the assertion of 
VPA. 

The VPA input signals the processor that the address on the bus is the address of an 
M6800 device (or an area reserved for M6800 devices) and that the bus should conform to 
the 4 >2 transfer characteristics of the M6800 bus. Valid peripheral address is derived by 
decoding the address bus, conditioned by address strobe. 

After the recognition of VPA, the processor assures that the Enable (E) is low, by waiting 
if necessary, and subsequently asserts VMA. Valid memory address is then used as part 
of the chip select equation of the peripheral. This ensures that the M6800 peripherals are 
selected and deselected at the correct time. The peripheral now runs its cycle during the 
high portion of the E signal. 
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During a read cycle, the processor latches the peripheral data in state 6. For all cycles, 
the processor negates the address and data strobes one-half clock cycle later in state 7, 
and the enable signal goes low at this time. Another half clock later, the address bus is 
put in the high-impedance state. During a write cycle, the data bus is put in the high- 
impedance state a nd th e read/write signal is switched high at this time. The peripheral 
logic must remove VPA within one clock after address strobe is negated. 
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Figure 6-2. M6800 Cycle Operation 


Timing information for interfacing with M6800 peripheral devices is contained in the data 
sheet for the MC68000. Always refer to the latest revision of the MC68000 and desired 
M6800 peripheral device data sheet when interfacing these devices. 

A number of application notes have been published detailing the use of the MC68000 
with M6800 Family peripheral devices. The following listing of application notes is cur¬ 
rent through September 1981. They are available from the Motorola Literature Distribu¬ 
tion Center in Phoenix, Arizona. 


Title No. 

Interfacing M6800 Peripheral Devices to the MC68000 Asynchronously 808 
Interfacing the MC68000 to the MC6846 RIOT 809 

Dual 16-Bit Ports for the MC68000 Using Two MC6821s 810 

Color Graphics for the MC68000 Using the MC6847 815 

A Software Refreshed Memory Card for the MC68000 816 

Asynchronous Communications for the MC68000 Using the MC6850 817 

Synchronous I/O for the MC68000 Using the MC6852 818 

Prioritized Individually Vectored Interrupts for Multiple Peripheral Systems 819 
with the MC68000 

MC68000 DMA Using the MC6844 DMA Controller 824 

Using the MC68000 and the MC6845 for a Color Graphics System 834 
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6.3 INTERRUPT INTERFACE OPERATION 


During an Interrupt acknowledge cycl e wh ile the processor is fetching the vector, if VPA 
is asserted, the MC68000 will assert VMA and complete a normal M6800 read cycle, as 
shown in Figure 6-3. The processor will then use an internally generated vector that is a 
function of the interrupt being serviced. This process is known as autovectoring. The 
seven autovectors are vector numbers 25 through 31 (decimal). 
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\ r* 

-Autovector Operation -->| 


Figure 6-3. Autovector Operation Timing Diagram 

This operates in the same fashion (but is not restricted to) the M6800 interrupt sequence. 
The basic difference is that there are six normal interrupt vectors and one NMI-type vec¬ 
tor. As with both the M6800 and the MC68000’s normal vectored interrupt, the interrupt 
service routine can be located anywhere in the address space. This is due to the fact that 
while the vector numbers are fixed, the contents of the vector table entries are assigned 
by the user. 

Since VMA is asserted during autovectoring, the M6800 peripheral address decoding 
should prevent unintended accesses. 
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APPENDIX A 

CONDITION CODES COMPUTATION 


A.1 INTRODUCTION 

This appendix provides a discussion of how the condition codes were developed, the 
meanings of each bit, how they are computed, and how they are represented in the in¬ 
struction set details. 

Two criteria were used in developing the condition codes: 

• Consistency — across instruction, uses, and instances 

• Meaningful Results — no change unless it provides useful information 

The consistency across instructions means that instructions which are special cases of 
more general instructions affect the condition codes in the same way. Consistency 
across instances means that if an instruction ever affects a condition code, it will always 
affect that condition code. Consistency across uses means that whether the condition 
codes were set by a compare, test, or move instruction, the conditional instructions test 
the same situation. The tests used for the conditional instructions and the code com¬ 
putations are given in paragraph A.5. 


A.2 CONDITION CODE REGISTER 

The condition code register portion of the status register contains five bits: 

N — Negative 
Z — Zero 
V — Overflow 
C — Carry 
X — Extend 

The first four bits are true condition code bits in that they reflect the condition of the 
result of a processor operation. The X bit is an operand for multiprecision computations. 
The carry bit (C) and the multiprecision operand extend bit (X) are separate in the 
MC68000 to simplify the programming model. 


A.3 CONDITION CODE REGISTER NOTATION 

In the instruction set details given in Appendix B, the description of the effect on the con¬ 
dition codes is given in the following form: 
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X 


N 


Z 


V 


c 


Condition Codes: 
where: 


N (negative) 
Z (zero) 

V (overflow) 

C (carry) 


X (extend) 


Set if the most significant bit of the result is set. Cleared otherwise. 
Set if the result equals zero. Cleared otherwise. 

Set if there was an arithmetic overflow. This implies that the result is 
not representable in the operand size. Cleared otherwise. 

Set if a carry is generated out of the most significant bit of the 
operands for an addition. Also set if a borrow is generated in a subtrac¬ 
tion. Cleared otherwise. 

Transparent to data movement. When affected, it is set the same as 
the C bit. 


The notational convention that appears in the representation of the condition code 
register is: 


* set according to the result of the operation 
— not affected by the operation 
0 cleared 
1 set 

U undefined after the operation 


A.4 CONDITION CODE COMPUTATION 

Most operations take a source operand and a destination operand, compute, and store 
the result in the destination location. Unary operations take a destination operand, com¬ 
pute, and store the result in the destination location. Table A-1 details how each instruc¬ 
tion sets the condition codes. 
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Table A-1. Condition Code Computations 



ADD, ADDI 
ADDQ 





V = Sm»Dm»Rm + Sm«Dm*Rm 
C = Sm«Dm + Rm»Dm + Sm«Rm 
Z = Z»Rm*...«ED 


AND, ANDI, 
EOR, EORI, 
MOVEQ, MOVE, 
OR, ORI, 
CLR, EXT, 
NOT, TAS, TST 


CHK 



V= Sm«Drn«Rm + Sm« Dm* Rm 
C = Sm«Dm + Rm»Dm + Sm»Rm 
Z = Z«Rm»...«R0 


V = Sm*Dm«Rm + Sm»Dm»Rm 
C= Sm«Dm+ RrrrDm + Sm»Rm 


V = Division Overflow 


C = Decimal Borrow 
Z = Z»Rm»...»R0 


V = Dm»Rm, C= Dm+ Rm 


V = Dm«Rm, C= Dm + Rm 
Z = Z«Rm»...*R0 


Z= Dn 


ROL (r = 0) 


ASR, LSR, 
ROXR 


ASR, LSR (r = 0) 


ROXR (r = 0) 


ROR 


ROR (r = 0) 


Dm- r + 1 


0 ? C=D r _ 1 


— Not affected 

Sm 

Source Operand - 

U Undefined 


most significant bit 

? Other - see Special Definition 

Dm 

Destination operand — 
most significant bit 

•General Case: 

Rm 

Result operand - 

X = C 


most significant bit 

N = Rm 

n 

bit number 

Z= Rm*...«R0 

r 

shift count 
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A.5 CONDITIONAL TESTS 


Table A-2 lists the condition names, encodings, and tests for the conditional branch and 
set instructions. The test associated with each condition is a logical formula based on 
the current state of the condition codes. If this formula evaluates to 1, the condition suc¬ 
ceeds, or is true. If the formula evaluates to 0, the condition is unsuccessful, or false. For 
example, the T condition always succeeds, while the EQ condition succeeds only if the Z 
bit is currently set in the condition codes. 


Table A-2. Conditional Tests 


Mnemonic 

Condition 

Encoding 

Test 

T 

true 

0000 

1 

F 



0 

HI 

high 

0010 

C.Z 

LS 

low or same 

0011 

c+z 


' IBS;: 

0100 

c 

CS <L0> 


0101 

c 

NE 


0110 

z 

EQ 

equal 

0111 

z 

VC 


1000 

V 

VS 


1001 

V 

PL 

plus 

1010 

N 

Ml 

minus 

1011 

N 

GE 

greater or equal 

1100 


LT 

less than 

1101 

N.V + N-V 

GT 

greater than 

1110 

N.V.Z+N.V.Z 

LE 

less or equal 

1111 

Z+N.V + N.V 
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APPENDIX B 

INSTRUCTION SET DETAILS 


B.1 INTRODUCTION 

This appendix contains detailed information about each instruction in the MC68000 in¬ 
struction set. They are arranged in alphabetical order with the mnemonic heading set in 
large bold type for easy reference. 


B.2 ADDRESSING CATEGORIES 

Effective address modes may be categorized by the ways in which they may be used. The 
following classifications will be used in the instruction definitions. 

Data If an effective address mode may be used to refer to data operands, it is 
considered a data addressing effective address mode. 

Memory If an effective address mode may be used to refer to memory operands, it is 
considered a memory addressing effective address mode. 

Alterable If an effective address mode may be used to refer to alterable (writable) 
operands, it is considered an alterable addressing effective address mode. 

Control If an effective address mode may be used to refer to memory operands 
without an associated size, it is considered a control addressing effective 
address mode. 

Table B-1 shows the various categories to which each of the effective address modes 
belong. 


Table B-1. Effective Addressing Mode Categories 


Addressing Mode 

Mode 

Register 


Addressing 

Categories 

Assembler 

Data 

Mem 

Cont 

Alter 

Syntax 

Data Reg Dir 

000 

reg no. 

X 

- 

- 

X 

Dn 

Addr Reg Dir 

001 

reg no. 

- 

- 

- 

X 

An 

Addr Reg Ind 

010 

reg no. 

X 

X 

X 

X 

(An) 

Addr Reg Ind w/Postinc 

011 

reg no. 

X 

X 

- 

X 

<An) + 

Addr Reg Ind w/Predec 

100 

reg no. 

X 

X 

- 

X 

-(An) 

Addr Reg Ind w/Disp 

101 

reg no. 

X 

X 

X 

X 

d(An) 

Addr Reg Ind w/Index 

110 

reg no. 

X 

X 

X 

X 

d(An, Ri) 

Absolute Short 

111 

000 

X 

X 

X 

X 

XXX 

Absolute Long 

111 

001 

X 

X 

X 

X 

xxxxxx 

Prog Ctr w/Disp 

111 

010 

X 

X 

X 

- 

d(PC) 

Prog Ctr w/Index 

111 

011 

X 

X 

X 

- 

d(PC, Ri) 

Immediate 

111 

100 

X 

X 

- 

- 

#xxx 
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The status register addressing mode is not permitted unless it is explicitly mentioned as 
a legal addressing mode. 

These categories may be combined so that additional, more restrictive, classifications 
may be defined. For example, the instruction descriptions use such classifications as 
alterable memory or data alterable. The former refers to those addressing modes which 
are both alterable and memory addresses, and the latter refers to addressing modes 
which are both data and alterable. 


B.3 INSTRUCTION DESCRIPTION 

The formats of each instruction are given in the following pages. Figure B-1 illustrates 
what information is given. 


Instruction Name 


ABCD 


Add Decimal 


Operation Description in RTL_ 

(see paragraph B.3) 

Assembler Syntax for this Instruction 


Operation: 


Assembler 

Syntax: 


Attributes: 


(Source)io + (Destination)io + > 

ABCD Dy, Dx 
ABCD -(Ay), -(Ax) 

Size = (Byte) 


Text Description of Instruction Operation Description: Add the source operand to the 

bit, and store the result in the d 
ed using binary coded decimal 
in two different ways: 

1. Data register to data rej 
registers specified in th 

2. Memory to memory: Th 
ment addressing mode i 
struction. 

This operation is a byte operai 


Condition Codes Effects (see Appendix A)- 


Condition Codes: 


X N Z V C 


Instruction Format — Specifies the bit pattern 
and fields of the operation word and any other 
words which are part of the instruction. The ef¬ 
fective address extensions are not explicitly il¬ 
lustrated. The extensions (if there are any) would J> 
follow the illustrated portions of the instruc¬ 
tions. For the MOVE instruction, the source ef¬ 
fective address extension is the first, followed 
by the destination effective address extension. 


Meanings and allowed values of the various 
fields required by the instruction format. 



N Undefined. 

Z Cleared if the result is noi 
V Undefined. 

C Set if a carry (decimal) wa 
X Set the same as the carry 

h 

Normally the Z conditioi 
ing before the start of a 
cessful tests for zero 
multipie-precision operate 

Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 

ill 

M 


1° 

Register 

Rx 

li 


Instruction Fields: 

Register Rx field — Specifies 
If R/M =0, specifies a dati 
If r/m = 1, specifies an ad< 
ing mode. 

R/M field — Specifies the opei 
0 — The operation is date 
1 — The operation is men 

Register Ry field — Specifies 
If R/M =0, specifies a dati 
If R/M = 1, specifies an ad( 
ing mode. 


Figure B-1. Instruction Description Format 


80 




B.4 REGISTER TRANSFER LANGUAGE DEFINITIONS 


The following register transfer language definitions are used for the operation descrip¬ 
tion in the details of the instruction set. 

OPERANDS: 


An 

— address register 

SSP 

— supervisor stack pointer 

Dn 

— data register 

USP 

— user stack pointer 

Rn 

— any data or address register 

SP 

— active stack pointer (equivalent to A7) 

PC 

— program counter 

X 

— extend operand (from condition 

SR 

— status register 


codes) 

CCR 

— condition codes (low order byte of 

z 

— zero condition code 


status register) 

V 

— overflow condition code 


Immediate Data — immediate data from the instruction 

d — address displacement Destination — destination location 

Source — source location Vector — location of exception vector 

SUBFIELDS AND QUALIFIERS: 

< bit>OF<operand> selects a single bit of the operand 

<operand>[<bit number>:<bit number>] selects a subfield of an operand 
(< operand >) the contents of the referenced location 

<operand> 10 the operand is binary coded decimal; operations are to be performed 

in decimal. 

<operand>@<mode> the register indirect operator which indicates that the operand re¬ 
gister points to the memory location of the instruction operand. The 
optional mode qualifiers are -, +, (d) and (d, ix); these are explained 
in Chapter 2. 

OPERATIONS: Operations are grouped into binary, unary, and other. 

Binary — These operations are written < operand > < op > < operand > where < op > is one of the 
following: 

- the left operand is moved to the location specified by the right operand 

- the contents of the two operands are exchanged 
+ the operands are added 

- the right operand is subtracted from the left operand 
* the operands are multiplied 

I the first operand is divided by the second operand 
A the operands are logically ANDed 
v the operands are logically ORed 
e the operands are logically exclusively ORed 

< relational test, true if left operand is less than right operand 

> relational test, true if left operand is not equal to right operand 

shifted by the left operand is shifted or rotated by the number of positions specified by the 
rotated by right operand 

Unary: 

- <operand> the operand is logically complemented 

<operand>sign-extended the operand is sign extended, all bits of the upper half are made 

equal to high order bit of the lower half 

<operand> tested the operand is compared to 0, the results are used to set the condi¬ 

tion codes 

Other: 

TRAP equivalent to PC—SSP@ SR—SSP@ (vector)—PC 

STOP enter the stopped state, waiting for interrupts 

If <condition> then <operations> else < operations> The condition is tested. If true, the 
operations after the “then” are performed. If the condition is false and the optional "else” 
clause Is present, the operations after the “else” are performed. If the condition is false and 
the optional "else” clause is absent, the instruction performs no operation. 
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ABCD 


Add Decimal with Extend 


ABCD 


Operation: (Source)io + (Destination)io + X— Destination 

Assembler ABCD Dy, Dx 

Syntax: ABCD -(Ay), -(Ax) 

Attributes: Size = (Byte) 

Description: Add the source operand to the destination operand along with the extend 
bit, and store the result in the destination location. The addition is perform¬ 
ed using binary coded decimal arithmetic. The operands may be addressed 
in two different ways: 

1. Data register to data register: The operands are contained in the data 
registers specified in the instruction. 

2. Memory to memory: The operands are addressed with the predecre¬ 
ment addressing mode using the address registers specified in the in¬ 
struction. 

This operation is a byte operation only. 

Condition Codes: X N Z V C 



N Undefined. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Undefined. 

C Set if a carry (decimal) was generated. Cleared otherwise. 

X Set the same as the carry bit. 

N ° TE 

Normally the Z condition code bit is set via programm¬ 
ing before the start of an operation. This allows suc¬ 
cessful tests for zero results upon completion of 
multiple-precision operations. 

Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Register Rx field — Specifies the destination register: 

If R/M =0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 

R/M field — Specifies the operand addressing mode: 

0 — The operation is data register to data register. 

1 — The operation is memory to memory. 

Register Ry field — Specifies the source register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 
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ADD 


Add Binary 


ADD 


Operation: (Source) + (Destination)— Destination 

Assembler ADD<ea>,Dn 

Syntax: ADD Dn, <ea> 

Attributes: Size = (Byte, Word, Long) 

Description: Add the source operand to the destination operand, and store the result in 
the destination location. The size of the operation may be specified to be 
byte, word, or long. The mode of the instruction indicates which operand is 
the source and which is the destination as well as the operand size. 


Condition Codes: 


XNZVC 
* I * I * I * I * 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a carry is generated. Cleared otherwise. 

X Set the same as the carry bit. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

L I I n I i I I Effective Address 


110 1 Register Op-Mode 


Mode I Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. 
Op-Mode field — 

Byte Word Long Operation 

000 001 010 (<Dn>) + (<ea>)—<Dn> 

100 101 110 (<ea>) + (<Dn>)—<ea> 


Effective Address field — Determines addressing mode: 

a. If the location specified is a source operand, then all addressing 
modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 


Dn 

000 


d(An, Xi) 

110 

register number 

An* 

001 

register number 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

■M.IMMJ.Hllll.yil 

_d(PCi_ 

warn 

010 

-(An) 

100 

register number 


■m 

011 

d(An) 

101 

register number 

Imm 

in 

100 


*Word and Long only. 


— Continued — 
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Add Binary 


ADD 


ADD 


Effective Address field (Continued) 

b. If the location specified is a destination operand, then only alterable 
memory addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

— 


d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

Oil 

register number 

d(PC) 

— 

— 

-(An) 


register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Notes: 1. If the destination is a data register, then it cannot be specified by using 

the destination <ea> mode, but must use the destination Dn mode in¬ 
stead. 

2. ADDA is used when the destination is an address register. ADDi and AD- 
DQ are used when the source is immediate data. Most assemblers 
automatically make this distinction. 
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ADDA 


Add Address 


ADDA 


Operation: (Source) + (Destination)—Destination 

Assembler 

Syntax: ADD <ea>, An 


Attributes: Size = (Word, Long) 

Description: Add the source operand to the destination address register, and store the 
result in the address register. The size of the operation may be specified to 
be word or long. The entire destination address register is used regardless 
of the operation size. 


Condition Codes: Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

1 

0 

1 i 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies any of the eight address registers. This is always 
the destination. 

Op-Mode field — Specifies the size of the operation: 

Oil — word operation. The source operand is sign-extended to a long 
operand and the operation is performed on the address register using 
all 32 bits. 

Ill — long operation. 

Effective Address field — Specifies the source operand. All addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

KiItTil 

register number 

d(An, Xi) 

110 

register number 

An 

001 

register number 

Abs.W 

111 

000 

(An) 

010 


Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 


-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 


register number 

Imm 

111 

100 
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ADDI 


Add Immediate 


ADDI 


Operation: 

Assembler 

Syntax: 

Attributes: 


Immediate Data + (Destination)- Destination 

ADDI #<data>,<ea> 

Size = (Byte, Word, Long) 


Description: Add the immediate data to the destination operand, and store the result in 
the destination location. The size of the operation may be specified to be 
byte, word, or long. The size of the immediate data matches the operation 
size. 


Condition Codes: X N Z V C 

[~* | * | * | * | * | 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a carry is generated. Cleared otherwise. 

X Set the same as the carry bit. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

0 

1 

1 

0 

Size 

Effective Address 
Mode | Register 

Word 

Data (16 bits) 

Byte Data (8 bits) 

Long Data (32 bits, including previous word) 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Immediate field — (Data immediately following the instruction): 

If size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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ADDQ 


ADDQ 


Add Quick 


Operation: Immediate Data + (Destination)— Destination 

Assembler 

Syntax: ADDQ #<data>, <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Add the immediate data to the operand at the destination location. The 
data range is from 1 to 8. The size of the operation may be specified to be 
byte, word, or long. Word and long operations are also allowed on the ad¬ 
dress registers and the condition codes are not affected. The entire 
destination address register is used regardless of the operation size. 

Condition Codes: X N Z V C 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a carry is generated. Cleared otherwise. 

X Set the same as the carry bit. 

The condition codes are not affected if an addition to an address register is 
made. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 4 3 2 1 0 

0 

i 

0 

1 

Data 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Data field — Three bits of immediate data, 0,1-7 representing a range of 8, 
1 to 7 respectively. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 


Effective Address field — Specifies the destination location. Only alterable 
addressing modes are allowed as shown:_ 



Mode 



Mode 


Dn 

000 

register number 

d(An, Xi) 

110 


An* 


register number 

Abs.W 

111 


(An) 

010 

register number 

Abs.L 

111 

001 


Kin 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 


‘Word and Long only. 
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ADDX 


Add Extended 


ADDX 


Operation: (Source) + (Destination) + X— Destination 

Assembler ADDX Dy, Dx 

Syntax: ADDX -(Ay), -(Ax) 

Attributes: Size = (Byte, Word, Long) 

Description: Add the source operand to the destination operand along with the extend 
bit and store the result in the destination location. The operands may be ad¬ 
dressed in two different ways: 

1. Data register to data register: the operands are contained in data 
registers specified in the instruction. 

2. Memory to memory: the operands are addressed with the predecre¬ 
ment addressing mode using the address registers specified in the 
instruction. 

The size of the operation may be specified to be byte, word, or long. 

Condition Codes: X N Z V C 



N Set if the result is negative. Cleared otherwise. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a carry is generated. Cleared otherwise. 

X Set the same as the carry bit. 

NOTE 

Normally the Z condition code bit is set via programm¬ 
ing before the start of an operation. This allows suc¬ 
cessful tests for zero results upon completion of 
multiple-precision operations. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Register Rx field — Specifies the destination register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

— Continued — 
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ADDX 


Add Extended 


ADDX 


Instruction Fields: (Continued) 

R/M field — Specifies the operand addressing mode: 

0 — The operation is data register to data register. 

1 — The operation is memory to memory. 

Register Ry field — Specifies the source register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement ad¬ 
dressing mode. 
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AND 


AND Logical 


AND 


Operation: (Source)A(Destination)— Destination 


Assembler AND <ea>, Dn 
Syntax: AND Dn, <ea> 


Attributes: Size = (Byte, Word, Long) 


Description: AND the source operand to the destination operand and store the result in 
the destination location. The size of the operation may be specified to be 
byte, word, or long. The contents of an address register may not be used as 
an operand. 


Condition Codes: 


X N Z V C 


0 0 


N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

1 

0 

0 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. 
Op-Mode field — 

Byte Word Long Operation 

000 001 010 (< Dn>) A (<ea>)-* < Dn> 

100 101 110 (<ea>) A (<Dn>)—<ea> 


Effective Address field — Determines addressing mode: 

If the location specified is a source operand then only data addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 


register number 

d(PC) 

111 

010 


TiltJ 

■HnuMiiHiniraa 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number| 

Imm 

111 

100 


— Continued — 
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AND Logical 


AND 


AND 


Effective Address field (Continued) 

If the location specified is a destination operand then only alterable memo¬ 
ry addressing modes are allowed as shown: 



Notes: 1. If the destination is a data register, then it cannot be specified by us¬ 

ing the destination <ea> mode, but must use the destination Dn 
mode instead. 

2. ANDI is used when the source is immediate data. Most assemblers 
automatically make this distinction. 
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AND Immediate 


ANDI 


Operation: Immediate Data A (Destination)— Destination 

Assembler 

Syntax: ANDI #<data>, <ea> 

Attributes: Size = (Byte, Word, Long) 


Description: AND the immediate data to the destination operand and store the result in 
the destination location. The size of the operation may be specified to be 
byte, word, or long. The size of the immediate data matches the operation 
size. 


Condition Codes: X N Z V C 


— 



0 

E 


N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 

15 14 13 12 11 10 


0 


0 

0 

0 

0 

0 

0 

1 

0 

Size 

Effective Address 
Mode | Register 

Word 

Data (16 bits) 

Byte Data (8 bits) 

Long Data (32 bits, including previous word) 


instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 


alterable addressing modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 


IlKIQiSSHH 


register number 

An 

— 

1 

Abs.W 



(An) 

010 

nra 

Abs.L 


001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

immHssam 

— 

— 

d(An) 



Imm 

— 

— 


Immediate field — (Data immediately following the instruction): 

If size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two Immediate words. 
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I ^1 I AND Immediate to Condition Codes I ^ wJ I 

to CCR to CCR 


Operation: (Source)ACCR—CCR 

Assembler 

Syntax: ANDI #xxx, CCR 


Attributes: Size = (Byte) 


Description: AND the immediate operand with the condition codes and store the result 
in the low-order byte of the status register. 


Condition Codes: X N Z V C 


N Cleared if bit 3 of immediate operand is zero. Unchanged otherwise. 

Z Cleared if bit 2 of immediate operand is zero. Unchanged otherwise. 

V Cleared if bit 1 of immediate operand is zero. Unchanged otherwise. 

C Cleared if bit 0 of immediate operand is zero. Unchanged otherwise. 

X Cleared if bit 4 of immediate operand is zero. Unchanged otherwise. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 5 4 3 2 1 0 

0 

0 

0 

0 

0 

0 

1 

0 

OlOill iiiiiloio 

0 

0 

0 

0 

0 

0 

0 

0 

Byte Data (8 bits) 
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ANDI 
to SR 


AND Immediate to the Status Register 
(Privileged Instruction) 


ANDI 
to SR 


Operation: If supervisor state 

then (Source)ASR—SR 
else TRAP 

Assembler 

Syntax: ANDI #xxx, SR 

Attributes: Size = (Word) 

Description: AND the immediate operand with the contents of the status register and 
store the result in the status register. All bits of the status register are af¬ 
fected. 


Condition Codes: 


X N Z V C 



N Cleared if bit 3 of immediate operand is zero. Unchanged otherwise. 

Z Cleared if bit 2 of immediate operand is zero. Unchanged otherwise. 

V Cleared if bit 1 of immediate operand is zero. Unchanged otherwise. 

C Cleared if bit 0 of immediate operand is zero. Unchanged otherwise. 

X Cleared if bit 4 of immediate operand is zero. Unchanged otherwise. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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ASL, ASR Arithmetic Shift 


ASL, ASR 


Operation: (Destination) Shifted by <count> — Destination 

Assembler ASd Dx, Dy 
Syntax: ASd # < data >, Dy 

ASd <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Arithmetically shift the bits of the operand in the direction specified. The 
carry bit receives the last bit shifted out of the operand. The shift count for 
the shifting of a register may be specified in two different ways: 

1. immediate: the shift count is specified in the instruction (shift range, 
1 - 8 ). 

2. Register: the shift count is contained in a data register specified in the 
instruction. 

The size of the operation may be specified to be byte, word, or long. The 
content of memory may be shifted one bit only and the operand size is 
restricted to a word. 


For ASL, the operand is shifted left; the number of positions shifted is the 
shift count. Bits shifted out of the high order bit go to both the carry and the 
extend bits; zeroes are shifted into the low order bit. The overflow bit in¬ 
dicates if any sign changes occur during the shift. 


ASL: 



For ASR, the operand is shifted right; the number of positions shifted is the 
shift count. Bits shifted out of the low order bit go to both the carry and the 
extend bits; the sign bit is replicated into the high order bit. 



— Continued — 
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ASL, ASR 


Arithmetic Shift 


ASL, ASR 


Condition Codes: X N Z V C 


N Set if the most significant bit of the result is set. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if the most significant bit is changed at any time during the shift 
operation. Cleared otherwise. 

C Set according to the last bit shifted out of the operand. Cleared for a 
shift count of zero. 

X Set according to the last bit shifted out of the operand. Unaffected for 
a shift count of zero. 

Instruction Format (Register Shifts): 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

1 

1 

0 

Count/ 

Register 

dr 

Size 

i/r 

| 

0 ■ 

0 

Register 


Instruction Fields (Register Shifts): 

Count/Register field — Specifies shift count or register where count is 
located: 

If i/r = 0, the shift count is specified in this field. The values 0, 1-7 re¬ 
present a range of 8, 1 to 7 respectively. 

If i/r = 1, the shift count (modulo 64) is contained in the data register 
specified in this field. 

dr field — Specifies the direction of the shift: 

0 — shift right. 

1 — shift left. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation, 
i/r field — 

If i/r = 0, specifies immediate shift count, 
if i/r = 1, specifies register shift count. 

Register field — Specifies a data register whose content is to be shifted. 

Instruction Format (Memory Shifts): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

1 

i 

1 

0 

0 

0 

0 

dr 

i 

1 

Effective Address 
Mode 1 Register 


— Continued — 
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ASL, ASR 


Arithmetic Shift 


ASL, ASR 


Instruction Fields (Memory Shifts): 

dr field — Specifies the direction of the shift: 
0 — shift right. 

1 — shift left. 


Effective Address field — Specifies the operand to be shifted. Only memory 
alterable addressing modes are allowed as shown:_ 


Addressing Mode 

Mode 

Register 




Un 

— 

— 

d(An, Xi) 

110 


An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

Oil 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 
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Bcc 


Branch Conditionally 


Bcc 


Operation: If (condition true) then PC + d — PC 

Assembler 

Syntax: Bcc < label > 

Attributes: Size = (Byte, Word) 

Description: If the specified condition is met, program execution continues at location 
(PC) + displacement. Displacement is a twos complement Integer which 
counts the relative distance in bytes. The value in PC is the current instruc¬ 
tion location plus two. If the 8-bit displacement in the instruction word is 
zero, then the 16-bit displacement (word immediately following the instruc¬ 
tion) is used, “cc” may specify the following conditions: 


CC 

carry clear 


C 


LS 

low or same 

0011 

C + Z 

cc 

carry set 

0101 

C 


LT 

less than 

1101 

N.V + N.V 

EQ 

equal 

0111 

z 


Ml 

minus 

1011 

N 

GE 

greater or equal 

iilili] 

N.V + N-V 


NE 

not equal 

0110 

z 

GT 

greater than 

1110 

N.V.Z + N-V-Z 


PL 

plus 

1010 

N 

HI 

high 

liTiilil 

c.z 


VC 

overflow clear 

1000 

V 

LE 

less or equal 

1111 

Z + N-V + N-V 


VS 

overflow set 

1001 

V 


Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


E 

m 

1 | 0 | Condition 

8-bit Displacement | 

! 16-bit Displacement if 8-bit Displacement = 0 ) 


instruction Fields: 

Condition field — One of fourteen conditions discussed in description. 
8-bit Displacement field — Twos complement integer specifying the 
relative distance (in bytes) between the branch instruction and the 
next instruction to be executed if the condition is met. 

16-bit Displacement field — Allows a larger displacement than 8 bits. Used 
only if the 8-bit displacement is equal to zero. 

Note: A short branch to the immediately following instruction cannot be done 

because it would result in a zero offset which forces a word branch instruc¬ 
tion definition. 
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BCHG 


Test a Bit and Change 


BCHG 


Operation: ~ (< bit number> OF Destination)—Z; 

— (< bit number> OF Destination)—< bit number> OF Destination 

Assembler BCHG Dn, <ea> 

Syntax: BCHG #<data>, <ea> 


Attributes: Size = (Byte, Long) 

Description: A bit in the destination operand is tested and the state of the specified bit 
is reflected in the Z condition code. After the test, the state of the specified 
bit is changed in the destination. If a data register is the destination, then 
the bit numbering is modulo 32 allowing bit manipulation on all bits in a 
data register. If a memory location is the destination, a byte is read from 
that location, the bit operation performed using the bit number modulo 8, 
and the byte written back to the location with zero referring to the least- 
significant bit. The bit number for this operation may be specified in two 
different ways: 

1. Immediate — the bit number is specified in a second word of the in¬ 
struction. 

2. Register — the bit number is contained in a data register specified in 
the instruction. 


Condition Codes: X N Z V C 



N Not affected. 

Z Set if the bit tested is zero. Cleared otherwise. 

V Not affected. 

C Not affected. 

X Not affected. 


Instruction Format (Bit Number Dynamic): 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

Register 

1 

0 

1 

Effective Address 
Mode | Register 


Instruction Fields (Bit Number Dynamic): 

Register field — Specifies the data register whose content is the bit 
number. 


Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 




Dn* 

000 

register number 

IlSltlir 

110 

reqister number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

imm 

— 

— 


•Long only; all others are byte only. — Continued — 
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BCHG 


Test a Bit and Change 


BCHG 


Instruction Format (Bit Number Static): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

Effective Address 
Mode | Register 

0 

IT 

IT* 

0 

0 

0 

0 

0 

bit number 


Instruction Fields (Bit Number Static): 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 


Dn 

000 

register number 


110 

.. -Ml 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 


Abs.L 

111 

001 


011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


"Long only; all others are byte only. 

bit number field — Specifies the bit numbers. 
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BCLR 


Test a Bit and Clear 


BCLR 


Operation: ~ (< bit number>) OF Destination)—Z; 
0— < bit number> OF Destination 


Assembler BLCRDn, <ea> 

Syntax: BCLR #<data>, <ea> 

Attributes: Size = (Byte, Long) 

Description: A bit in the destination operand is tested and the state of the specified bit 
is reflected in the Z condition code. After the test, the specified bit is 
cleared in the destination. If a data register is the destination, then the bit 
numbering is modulo 32 allowing bit manipulation on all bits in a data 
register. If a memory location is the destination, a byte is read from that 
location, the bit operation performed using the bit number modulo 8, and 
the byte written back to the location with zero referring to the least- 
significant bit. The bit number for this operation may be specified in two 
different ways: 

1. Immediate — the bit number is specified in a second word of the in¬ 
struction. 

2. Register — the bit number is contained in a data register specified in 
the instruction. 


Condition Codes: X N Z V C 



N Not affected. 

Z Set if the bit tested is zero. Cleared otherwise. 

V Not affected. 

C Not affected. 

X Not affected. 


Instruction Format (Bit Number Dynamic): 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

Register 

1 

1 

0 

Effective Address 
Mode | Register 


instruction Fields (Bit Number Dynamic): 

Register field — Specifies the data register whose content is the bit 


number. 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown:_ 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn* 

Mtlij 



110 

register number 

An 



Abs.W 


000 

(An) 

010 

register number 

Abs.L 


001 



register number 

d(PC) 

— 

— 

-(An) 


register number 

d(PC, Xi) 

— 

— 


1^1 

register number 

Imm 

— 

— 


‘Long only; all others are byte only. 

— Continued — 
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BCLR 


Test a Bit and Clear 


BCLR 


Instruction Format (Bit Number Static): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

1 

0 

0 

0 

1 

0 

Effective Address 
Mode | Register 

bit number 


Instruction Fields (Bit Number Static): 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 



Mode 

Register 


Mode 

Register 

Dn* 




110 

B 1M W I'll H'nl «?-1 M 

An 




111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

Oil 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 


*Long only; all others are byte only. 


bit number field — Specifies the bit number. 
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Branch Always 






Operation: PC + d—PC 


Assembler 

Syntax: BRA < label > 

Attributes: Size = (Byte, Word) 

Description: Program execution continues at location (PC) + displacement. Displace¬ 
ment is a twos complement integer which counts the relative distance in 
bytes. The value in PC is the current instruction location plus two. If the 
8-bit displacement in the instruction word is zero, then the 16-bit displace¬ 
ment (word immediately following the instruction) is used. 


Condition Codes: Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


E 

E 

E 

0 

E 

0 

E 


8-bit Displacement 


16-bit Displacement if 8-bit Displacement = 0 


Instruction Fields: 

8-bit Displacement field — Twos complement integer specifying the rela¬ 
tive distance (in bytes) between the branch instruction and the next 
instruction to be executed if the condition is met. 

16-bit Displacement field — Allows a larger displacement than 8 bits. Used 
only if the 8-bit displacement is equal to zero. 

Note: A short branch to the immediately following instruction cannot be done 

because it would result in a zero offset which forces a word branch instruc¬ 
tion definition. 
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BSET 


Test a Bit and Set 


BSET 


Operation: — (< bit number>) OF Destination— Z 
1 — < bit number> OF Destination 


Assembler BSETDn, <ea> 
Syntax: BSET #<data>, <ea> 


Attributes: Size = (Byte, Long) 

Description: A bit in the destination operand is tested and the state of the specified bit 
is reflected in the Z condition code. After the test, the specified bit is set in 
the destination. If a data register is the destination, then the bit numbering 
is modulo 32, allowing bit manipulation on all bits in a data register. If a 
memory location is the destination, a byte is read from that location, the bit 
operation performed using the bit number modulo 8, and the byte written 
back to the location with zero referring to the least-significant bit. The bit 
number for this operation may be specified in two different ways: 

1. Immediate — the bit number is specified in a second word of the in¬ 
struction. 

2. Register — the bit number is contained in a data register specified in 
the instruction. 


Condition Codes: X N Z V C 


N Not affected. 

Z Set if the bit tested is zero. Cleared otherwise. 

V Not affected. 

C Not affected. 

X Not affected. 


Instruction Format (Bit Number Dynamic): 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

Register 

1 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields ( Bit Number Dynamic): 

Register field — Specifies the data register whose content is the bit 
number. 


Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 


Dn* 

000 

register number 

■ ii iiH m 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 


Abs.L 


001 

(An) + 

011 

register numberl 

_d(PQ_ 

— 

— 

-(An) 




— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


•Long only; all others are byte only 


— Continued — 
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BSET 


Test a Bit and Clear 


BSET 


Instruction Format (Bit Number Static): 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

Effective Address 
Mode | Register 

bit 

: number 


Instruction Fields (Bit Number Static): 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 


Mode 

Register 

Dn* 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

■M.ILW-ll.Hli.I.HlI 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 


— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


’Long only; all others are byte only. 


bit number field — Specifies the bit number. 
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BSR Branch to Subroutine BSR 


Operation: PC-(SP); PC + d—PC 

Assembler 

Syntax: BSR < label > 

Attributes: Size = (Byte, Word) 

Description: The long word address of the instruction immediately following the BSR in¬ 
struction is pushed onto the system stack. Program execution then con¬ 
tinues at location (PC) + displacement. Displacement is a twos comple¬ 
ment integer which counts the relative distances in bytes. The value in PC 
is the current instruction location plus two. If the 8-bit displacement in the 
instruction word is zero, then the 16-bit displacement (word immediately 
following the instruction) is used. 

Condition Codes: Not affected. 

instruction Format: 

15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0 

TT| 1 1 1 [ 0 | 0 | 0 | 0 1 1 | 8-bit Displacement 
16-bit Displacement if 8-bit Displacement = 0 


Instruction Fields: 

8-bit Displacement field — Twos complement integer specifying the rela¬ 
tive distance (in bytes) between the branch instruction and the next in¬ 
struction to be executed if the condition is met. 

16-bit Displacement field — Allows a larger displacement than 8 bits. Used 
only if the 8-bit displacement is equal to zero. 

Note: A short subroutine branch to the immediately following instruction cannot 

be done because it would result in a zero offset which forces a word branch 
instruction definition. 
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BTST 


Test a Bit 


BTST 


Operation: ~(< bit number> OF Destination)—Z 


Assembler BTST Dn, <ea> 
Syntax: BTST #<data>, <ea> 


Attributes: Size = (Byte, Long) 

Description: A bit in the destination operand is tested and the state of the specified bit 
is reflected in the Z condition code. If a data register is the destination, 
then the bit numbering is modulo 32, allowing bit manipulation on all bits in 
a data register. If a memory location is the destination, a byte is read from 
that location, and the bit operation performed using the bit number modulo 
8 with zero referring to the least-signifcant bit. The bit number for this 
operation may be specified in two different ways: 

1. Immediate — the bit number is specified in a second word of the in¬ 
struction. 

2. Register — the bit number is contained in a data register specified in 
the instruction. 


Condition Codes: X ^ Z^ C ^ 

N Not affected. 

Z Set if the bit tested is zero. Cleared otherwise. 
V Not affected. 

C Not affected. 

X Not affected. 


Instruction Format (Bit Number Dynamic): 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

0 

0 

0 

0 

Register 

1 

0 

0 

Effective Address 
Mode | Register 


Instruction Fields (Bit Number Dynamic): 

Register field — Specifies the data register whose content is the bit num¬ 
ber. 


Effective Address field — Specifies the destination location. Only data 
_addressing modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn* 

000 

register number 

■KBHI 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 


MW 

register number 

d(PC) 


010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 



register number 

Imm 

— 

— 


‘Long only; all others are byte only. 


— Continued — 
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BTST 


Test a Bit 


BTST 


Instruction Format (Bit Number Static): 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

Effective Address 
Mode | Register 

[ br 

t number 


Instruction Fields (Bit Number Static): 

Effective Address field — Specifies the destination location. Only data 
addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 


Mode 

Register 

Dn* 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 


(An) + 


register number 

d(PC) 

un 

010 

-(An) 


register number 

d(PC, Xi) 

Km 

011 

d(An) 

101 

register number 

Imm 

— 

— 


'Long only; all others are byte only. 


bit number field — Specifies the bit number. 
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CHK 


Check Register Against Bounds 


CHK 


Operation: If Dn < 0 or Dn> (< ea>) then TRAP 

Assembler 

Syntax: CHK <ea>, Dn 


Attributes: Size = (Word) 

Description: The content of the low order word in the data register specified in the in¬ 
struction is examined and compared to the upper bound. The upper bound 
is a twos complement integer. If the register value is less than zero or 
greater than the upper bound contained in the operand word, then the pro¬ 
cessor initiates exception processing. The vector number is generated to 
reference the CHK instruction exception vector. 


Condition Codes: 


X N Z V C 


- * u u u 


N Set if Dn<0; cleared if Dn> (<ea>). Undefined otherwise. 
Z Undefined. 

V Undefined. 

C Undefined. 

X Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

Register 

1 

1 

0 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies the data register whose content is checked. 
Effective Address field — Specifies the upper bound operand word. Only 


data addressing modes are allowed as shown: 




II 

Addressing Mode 

Mode 


Dn 

000 

register number 

d(An, Xi) 


m.mm.nu.m 

An 

— 

— 

Abs.W 

warn 

000 

(An) 

010 

■t-IMfclMMlUlllM-nl 

Abs.L 

in 

001 

(An) + 

011 

register number 

d(PC) 

in 

010 

-(An) 

100 

register number 

d(PC, Xi) 

in 

011 

d(An) 

101 

register number 

Imm 

in 

100 
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CLR 


Clear an Operand 


CLR 


Operation: 0—Destination 
Assembler 

Syntax: CLR <ea> 

Attributes: Size = (Byte, Word, Long) 

Description: The destination is cleared to all zero bits. The size of the operation may be 
specified to be byte, word, or long. 

Condition Codes: X N Z V C 

1 — 1 0 I 1 I 0 I 0 I 

N Always cleared. 

Z Always set. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 

5 4 3 2 1 0 

0 

i 

0 

0 

0 

0 

1 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 




Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 


110 

register number 

An 

— 

— I 

Abs.W 

111 

000 

(An) 


J A sffll SHI 

Abs.L 


001 

(An) + 

011 

■wiMtiMimiiiiMJ 

d(PC) 

— 

— 

-(An) 

100 


d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Note: A memory destination is read before it is written to. 
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CMP 


Compare 


CMP 


Operation: (Destination) - (Source) 

Assembler 

Syntax: CMP<ea>,Dn 


Attributes: Size = (Byte, Word, Long) 

Description: Subtract the source operand from the destination operand and set the con¬ 
dition codes according to the result; the destination location is not chang¬ 
ed. The size of the operation may be specified to be byte, word, or long. 

Condition Codes: X N Z V C 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 
C Set if a borrow is generated. Cleared otherwise. 

X Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


1 

0 

1 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies the destination data register. 
Op-Mode field — 

Byte Word Long Operation 

000 001 010 (<Dn>)-(<ea>) 


Effective Address field — Specifies the source operand. All addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 


Mode 

■m 

Dn 


register number 

d(An, Xi) 

110 

■M.IMMl.llInma 

An* 

■Oil 

reaister number 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 



register number 

d(PC) 

■ED 

010 

-(An) 

100 


d(PC, Xi) 

warn 

011 

d(An) 


register number 

Imm 

m 

100 


'Word and Long only. 


Note: CM PA is used when the destination is an address register. CMPI is used 

when the source is immediate data. CMPM is used for memory to memory 
compares. Most assemblers automatically make this distinction. 


Ill 




































Compare Address 


CM PA 


CMPA 


Operation: (Destination) - (Source) 

Assembler 

Syntax: CMPA<ea>,An 

Attributes: Size = (Word, Long) 


Description: Subtract the source operand from the destination address register and set 
the condition codes according to the result; the address register is not 
changed. The size of the operation may be specified to be word or long. 
Word length source operands are sign extended to 32 bits quantities 
before the operation is done. 

X N Z V C 


Set if the result is negative. Cleared otherwise. 

Set if the result is zero. Cleared otherwise. 

Set if an overflow is generated. Cleared otherwise. 
Set if a borrow is generated. Cleared otherwise. 
Not affected. 


Condition Code: 

N 

Z 

V 

c 

X 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

0 

1 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies the destination address register. 

Op-Mode field — Specifies the size of the operation: 

Oil — word operation. The source operand is sign-extended to a long 
operand and the operation is performed on the address register using 
all 32 bits. 

Ill — long operation. 

Effective Address field — Specifies the source operand. All addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

ImUBSmII 

Mode 

Register 

-Bn 

"UKT 

register number 



register number 

An 


register number 

Abs.W 


000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

111 

100 
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Compare Immediate 




CMPI 


Operation: (Destination)-Immediate Data 

Assembler 

Syntax: CMPI #<data>, <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Subtract the immediate data from the destination operand and set the con¬ 
dition codes according to the result; the destination location is not chang¬ 
ed. The size of the operation may be specified to be byte, word, or long. The 
size of the immediate data matches the operation size. 

Condition Codes: X N Z V C 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 
C Set if a borrow is generated. Cleared otherwise. 

X Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

1 

1 

0 

0 

Size 

Effective Address 
Mode | Register 

Word 1 

Data (16 bits) 

Byte Data (8 bits) i 

Long Data (32 bits, including previous word) | 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 



111 

000 

(An) 

010 

register number 


111 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 


Immediate field — (Data immediately following the instruction): 

if size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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Compare Memory 




Operation: (Destination) - (Source) 

Assembler 

Syntax: CMPM (Ay) +, (Ax) + 

Attributes: Size = (Byte, Word, Long) 

Description: Subtract the source operand from the destination operand, and set the con¬ 
dition codes according to the results; the destination location is not chang¬ 
ed. The operands are always addressed with the postincrement addressing 
mode using the address registers specified in the instruction. The size of 
the operation may be specified to be byte, word, or long. 

Condition Codes: X N Z V C 



N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Register Rx field — (always the destination) Specifies an address register 
for the postincrement addressing mode. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Register Ry field — (always the source) Specifies an address register for 
the postincrement addressing mode. 
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DBcc 


Test Condition, Decrement, and Branch 


DBcc 


Operation: If (condition false) 
then Dn-1 — Dn 
If (Dn* -1) 
then PC + d —PC 

else PC+ 2—PC (Fall through to next instruction) 

Assembler 

Syntax: DBcc Dn, < label > 

Attributes: Size = (Word) 


Description: This instruction is a looping primitive of three parameters: a condition, a 
data register, and a displacement. The instruction first tests the condition 
to determine if the termination condition for the loop has been met, and if 
so, no operation is performed. If the termination condition is not true, the 
low order 16 bits of the counter data register are decremented by one. If the 
result is -1, the counter is exhausted and execution continues with the 
next instruction. If the result is not equal to -1, execution continues at the 
location indicated by the current value of PC plus the sign-extended 16-bit 
displacement. The value in PC is the current instruction location plus two 
“cc” may specify the following conditions: 


CC 

carry clear 

0100 

C 


LS 

low or same 


C + Z 

cs 

carry set 

0101 

C 


LT 

less than 

1101 

N-V + N.V 

EQ 

equal 

0111 

z 


Ml 

minus' 

1011 

N 

F 

false 

0001 

0 


NE 

not equal 

0110 

2 

GE 

greater or equal 

1100 

N.V + N.V 


PL 

plus 

1010 

N 

GT 

greater than 

1110 

N«V*Z+ N»V*Z 


T 

true 

0000 

1 

HI 

high 

0010 

e.z 


VC 

overflow clear 

1000 

V 

LE 

less or equal 

1111 

Z + N.V + N.V 


VS 

overflow set 

1001 

V 


Condition Codes: Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


oh 

E 

H 

| Condition | 1 

LlLQjo 

1 1 Register 1 

| Displacement j 


Instruction Fields: 

Condition field — One of the sixteen conditions discussed in description. 
Register field — Specifies the data register which is the counter. 
Displacement field — Specifies the distance of the branch (in bytes). 


Notes: 1. The terminating condition is like that defined by the UNTIL loop con¬ 

structs of high-level languages. For example: DBM I can be stated as 
“decrement and branch until minus.” 


— Continued — 
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DBcc 


Test Condition, Decrement and Branch 


DBcc 


Notes: (Continued) 

2. Most assemblers accept DBRA for DBF for use when no condition is 
required for termination of a loop. 

3. There are two basic ways of entering a loop; at the beginning or by 
branching to the trailing DBcc instruction. If a loop structure ter¬ 
minated with DBcc is entered at the beginning, the control index count 
must be one less than the number of loop executions desired. This 
count is useful for indexed addressing modes and dynamically 
specified bit operations. However, when entering a loop by branching 
directly to the trailing DBcc instruction, the control index should equal 
the loop execution count. In this case, if a zero count occurs, the DBcc 
instruction will not branch causing complete bypass of the main loop. 
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DIVS 


Signed Divide 


DIVS 


Operation: (Destination)/(Source)— Destination 

Assembler 

Syntax: DIVS<ea>,Dn 

Attributes: Size = (Word) 


Description: Divide the destination operand by the source operand and store the result 
in the destination. The destination operand is a long operand (32 bits) and 
the source operand is a word operand (16 bits). The operation is performed 
using signed arithmetic. The result is a 32-bit result such that: 

1. The quotient is in the lower word (least significant 16-bits). 

2. The remainder is in the upper word (most significant 16-bits). 

The sign of the remainder is always the same as the dividend unless the re¬ 
mainder is equal to zero. Two special conditions may arise: 

1. Division by zero causes a trap. 

2. Overflow may be detected and set before completion of the instruc¬ 
tion. If overflow is detected, the condition is flagged but the operands 
are unaffected. 

Condition Codes: X N Z V C 



N Set if the quotient is negative. Cleared otherwise. Undefined if over¬ 
flow. 

Z Set if the quotient is zero. Cleared otherwise. Undefined if overflow. 
V Set if division overflow is detected. Cleared otherwise. 

C Always cleared. 

X Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

i I n I n I n I I i ! -l L I Effective Address 

1 0 0 0 Register 111 ... „ ■ » 

a Mode Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. This field always 
specifies the destination operand. 

Effective Address field — Specifies the source operand. Only data ad- 
_ dressing modes are allowed as shown: __ 

Addressing Mode Mode Register Addressing Mode Mode 


Dn 000 register number 


Abs.W 


Abs.L 


d(PC) 


d(PC, Xi) 


d(An) I 101 | register number! I Imm I 111 | 100 



(An) + 


-(An) 


register number 


register number 


register number 


register number 



Overflow occurs if the quotient is larger than a 16-bit signed integer. 
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DIVU 


Unsigned Divide 


DIVU 


Operation: (Destination)/(Source)— Destination 

Assembler 

Syntax: DIVU <ea>, Dn 

Attributes: Size = (Word) 


Description: Divide the destination operand by the source operand and store the result 
in the destination. The destination operand is a long operand (32 bits) and 
the source operand is a word (16 bit) operand. The operation is performed 
using unsigned arithmetic. The result is a 32-bit result such that: 

1. The quotient is in the lower word (least significnat 16 bits). 

2. The remainder is in the upper word (most significant 16 bits). 

Two special conditions may arise: 

1. Division by zero causes a trap. 

2. Overflow may be detected and set before completion of the instruc¬ 
tion. If overflow is detected, the condition is flagged but the operands 
are unaffected. 


Condition Codes: 


X N Z V C 


N Set if the most significant bit of the quotient is set. Cleared other¬ 
wise. Undefined if overflow. 

Z Set if the quotient is zero. Cleared otherwise. Undefined if overflow. 
V Set if division overflow is detected. Cleared otherwise. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

1 

0 

0 

0 

Register 

0 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — specifies any of the eight data registers. This field always 
specifies the destination operand. 


Effective Address field — Specifies the source operand. Only data addres- 
sing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 


Register 

Dn 

000 

register number 

MKMKSMm 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 

010 

-(An) 




111 

011 

d(An) 

101 

register number| 

| Imm 

111 

100 


Note: Overflow occurs if the quotient is larger than a 16-bit unsigned integer. 
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EOR 


Exclusive OR Logical 


EOR 


Operation: (Source)® (Destination)—Destination 

Assembler 

Syntax: EOR Dn, <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Exclusive OR the source operand to the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long. This operation is restricted to data 
registers as the source operand. The destination operand is specified in the 
effective address field. 


Condition Codes: X N Z V C 


0 



0 



N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

M 

0 

1 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. 
Op-Mode field — 

Byte Word Long Operation 

100 101 110 (<ea>)®(<Dx>)—<ea> 


Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: _ 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

KOI 


d(An, Xi) 

no 

register number 

An 

— 

— 

Abs.W 


000 

(An) 

010 

register number 

Abs.L 

in 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

M || | || !!■ 

— 

— 



register number 

Imm 

— 

— 


Note: Memory to data register operations are not allowed. EORI is used when the 

source is immediate data. Most assemblers automatically make this 
distinction. 
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Exclusive OR Immediate 






Operation: Immediate Data®(Destination)—Destination 


Assembler 

Syntax: EORI #<data>, <ea> 

Attributes: Size = (Byte, Word, Long) 

Description: Exclusive OR the immediate data to the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long. The immediate data matches the opera¬ 
tion size. 


Condition Codes: 


X N Z V C 


**00 


N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

1 

0 

1 

0 

Size 

Effective Address 
Mode | Register 

Word 

Data (16 bits) 

Byte Data (8 bits) 

Long Data (32 bits, including previous word) 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

■w 


■KI 


register number 

An 

— 

— 

Abs.W 

Til 

000 

(An) 

010 

register number 

Abs.L 

111 


(An) + 

011 

register number 




-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Immediate field — (Data immediately following the instruction): 

If size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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EORI 
to CCR 


Exclusive OR Immediate to Condition Codes 


to 


EORI 

CCR 


Operation: 

Assembler 

Syntax: 

Attributes: 

Description: 


(Source)® CCR—CCR 

EORI #xxx, CCR 
Size = (Byte) 

Exclusive OR the immediate operand with the condition codes and store 
the result in the low-order byte of the status register. 


Condition Codes: X N Z V C 


N Changed if bit 3 of immediate operand is one. Unchanged otherwise. 

Z Changed if bit 2 of immediate operand is one. Unchanged otherwise. 

V Changed if bit 1 of immediate operand is one. Unchanged otherwise. 

C Changed if bit 0 of immediate operand is one. Unchanged otherwise. 

X Changed if bit 4 of immediate operand is one. Unchanged otherwise. 


Instruction Format: 

15 14 13 12 11 10 9876543210 


0 

0 

0 

0 

1 

0 

1 

0 

OlOllll Mil loio 

0 

0 

0 

0 

0 

0 

0 

0 

Byte Data (8 bits) 
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EORI 
to SR 


Exclusive OR Immediate to the Status Register 
(Privileged Instruction) 


EORI 
to SR 


Operation: If supervisor state 

then (Source)®SR—SR 
else TRAP 


Assembler 

Syntax: EORI #xxx, SR 

Attributes: Size = (Word) 

Description: Exclusive OR the immediate operand with the contents of the status 
register and store the result in the status register. All bits of the status 
register are affected. 


Condition Codes: X N Z V C 


N Changed if bit 3 of immediate operand is one. Unchanged otherwise. 

Z Changed if bit 2 of immediate operand is one. Unchanged otherwise. 

V Changed if bit 1 of immediate operand is one. Unchanged otherwise. 

C Changed if bit 0 of immediate operand is one. Unchanged otherwise. 

X Changed if bit 4 of immediate operand is one. Unchanged otherwise. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 I 0 1 0 I 0 11 [oil I 0 i 0 11 |1 n Ml 1 1 oTo~ 

Word Data (16 bits) 
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Exchange Registers 


EXG 


EXG 


Operation: Rx~*Ry 
Assembler 

Syntax: EXG Rx, Ry 

Attributes: Size = (Long) 


Description: Exchange the contents of two registers. This exchange is always a long (32 
bit) operation. Exchange works in three modes: 

1. Exchange data registers. 

2. Exchange address registers. 

3. Exchange a data register and an address register. 


Condition Codes: Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

1 

0 

0 

_ 

Register 

Rx 

1 

Op-Mode 

Register 

Ry 


Instruction Fields: 

Register Rx field — Specifies either a data register or an address register 
depending on the mode. If the exchange is between data and address 
registers, this field always specifies the data register. 

Op-Mode field — Specifies whether exchanging: 

01000 — data registers. 

01001 — address registers. 

10001 — data registers and address register. 

Register Ry field — Specifies either a data register or an address register 
depending on the mode. If the exchange is between data and address 
registers, this field always specifies the address register. 
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EXT 


Sign Extend 


EXT 


Operation: (Destination) Sign-extended — Destination 

Assembler 

Syntax: EXT Dn 

Attributes: Size = (Word, Long) 

Description: Extend the sign bit of a data register from a byte to a word or from a word to 
a long operand depending on the size selected. If the operation is word 
sized, bit [7] of the designated data register is copied to bits [15:8] of that 
data register. If the operation is long sized, bit [15] of the designated data 
register is copied to bits [31:16] of that data register. 

Condition Codes: X N Z V C 



N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Op-Mode Field — Specifies the size of the sign-extension operation: 

010 — Sign-extend low order byte of data register to word. 

011 — Sign-extend low order word of data register to long. 

Register field — Specifies the data register whose content is to be sign 
extended. 
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ILLEGAL Illegal Instruction ILLEGAL 

Operation: PC-* - (SSP); SR— -(SSP) 

(Illegal Instruction Vector)—PC 

Attributes: None 

Description: This instruction causes an illegal instruction exception. All other illegal in¬ 
structions are reserved for future extension of the instruction set. 

Condition Codes: Not affected. 

Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

m 

0 

0 

m 

0 

0 

0 

m 

0 

0 

0 

0 

S 

0 

0 
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JMP 


Jump 


JMP 


Operation: Destination —PC 


Assembler 

Syntax: 

Attributes: 


JMP <ea> 
Unsized 


Description: Program execution continues at the address specified by the instruction. 
The address is specified by the control addressing modes. 

Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the address of the next instruction. 
Only control addressing modes are allowed as shown: 


mmmmm 

Mode 



Mode 


Dn 

— 

— 

| d(An, Xi) 

110 

register number 

An 

— 

— 


111 

000 “ 

(An) 


register number 

Abs.L 

111 

001 


— 

— 

d(PC) 

Kin 

0 TO 

HHBKQiQI 


— 

m ii i ii wwm 

KKD 

011 

d(An) 

101 

register number 

Imm 


— 
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Jump to Subroutine 


JSR 


JSR 


Operation: PC— -(SP); Destination —PC 

Assembler 

Syntax: JSR <ea> 

Attributes: Unsized 


Description: The long word address of the instruction immediately following the JSR in¬ 
struction is pushed onto the system stack. Program execution then con¬ 
tinues at the address specifed in the instruction. 


Condition Codes: Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

0 

1 

1 

1 

0 

i 

0 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the address of the next instruction. 
Only control addressing modes are allowed as shown: 


MBirmimmsi 

Mode 

IDES35£HI 

Addressing Mode 

Mode 


Dn 

— 

— 


110 

■ty.iKiwaiiuiiL.wai 

An 

— 

— 


111 


(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

— 

— 

d(PC) 

111 

010 

-(An) 

— 

— 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

— 

— 
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LEA 


Load Effective Address 


LEA 


Operation: Destination —An 

Assembler 

Syntax: LEA <ea>, An 

Attributes: Size = (Long) 

Description: The effective address is loaded into the 
bits of the address register are affected 

Condition Codes: Not affected. 


specified address register. All 32 
by this instruction. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

0 

Register 

1 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies the address register which is to be loaded with 
the effective address. 


Effective Address field — Specifies the address to be loaded into the ad¬ 
dress register. Only control addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 


Dn 

— 

— 

ig^irfETiiiw 

110 

■H.IUHI.UInl.m 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

— 

— 

d(PC) 



-(An) 

— 

— 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

— 

— 
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LINK 


Link and Allocate 


LINK 


Operation: An — — (SP); SP—An; SP + d —SP 

Assembler 

Syntax: LINK An, #<displacement> 

Attributes: Unsized 


Description: The current content of the specified address register is pushed onto the 
stack. After the push, the address register is loaded from the updated stack 
pointer. Finally, the 16-bit sign-extended displacement is added to the 
stack pointer. The content of the address register occupies two words on 
the stack. A negative displacement is specified to allocate stack area. 


Condition Codes: Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 6 7 6 5 4 3 2 1 0 


1 oh 

j0|0|1|l|l|0|0|l|0|l|0| Register | 

| Displacement i 


Instruction Fields: 

Register field — Specifies the address register through which the link is to 
be constructed. 

Displacement field — Specifies the twos complement integer which is to 
be added to the stack pointer. 

Note: LINK and UNLK can be used to maintain a linked list of local data and 

parameter areas on the stack for nested subroutine calls. 
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Logical Shift 


LSL 

Operation: 

Assembler 

Syntax: 

Attributes: 

Description: 


LSL: 


LSR: 


, LSR 


LSL, LSR 


(Destination) Shifted by < count> — Destination 

LSd Dx, Dy 
LSd #<data>, Dy 
LSd <ea> 

Size = (Byte, Word, Long) 

Shift the bits of the operand in the direction specified. The carry bit 
receives the last bit shifted out of the operand. The shift count for the shif¬ 
ting of a register may be specified in two different ways: 

1. Immediate — the shift count is specified in the instruction (shift range 
1 - 8 ). 

2. Register — the shift count is contained in a data register specified in 
the instruction. 

The size of the operation may be specified to be byte, word, or long. The 
content of memory may be shifted one bit only and the operand size is 
restricted to a word. 

For LSL, the operand is shifted left; the number of positions shifted is the 
shift count. Bits shifted out of the high order bit go to both the carry and the 
extend bits; zeroes are shifted into the low order bit. 



For LSR, the operand is shifted right; the number of positions shifted is the 
shift count. Bits shifted out of the low order bit go to both the carry and the 
extend bits; zeroes are shifted into the high order bit. 



— Continued — 
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LSL, LSR 


Logical Shift 


LSL, LSR 


Condition Codes: 


X N Z V C 



N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Set according to the last bit shifted out of the operand. Cleared for 
a shift count of zero. 

X Set according to the last bit shifted out of the operand. Unaffected 
for a shift count of zero. 


Instruction Format (Register Shifts): 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 



1 

0 

Count/ 

Register 

dr 

Size 

i/r 

0 

1 

Register 


Instruction Fields (Register Shifts): 

Count/Register field — 

If i/r = 0, the shift count is specified in this field. The values 0,1-7 repre¬ 
sent a range of 8, 1 to 7 respectively. 

If i/r = 1, the shift count (modulo 64) is contained in the data register 
specified in this field. 

dr field — Specifies the direction of the shift: 

0 — shift right. 

1 — shift left. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation, 
i/r field — 

If i/r = 0, specifies immediate shift count. 

If i/r = 1, specifies register shift count. 

Register field — Specifies a data register whose content is to be shifted. 


— Continued — 
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Logical Shift 


LSL, LSR 


LSL,LSR 


Instruction Format (Memory Shifts): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

71 

1 

1 

0 

0 

0 

1 

dr 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields (Memory Shifts): 

dr field — Specifies the direction of the shift: 
0 — shift right. 

1 — shift left. 


Effective Address field — Specifies the operand to be shifted. Only memory 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 


Dn 

— 

— 

d(An, Xi) 

110 


An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

<**>Y 

Oil 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 
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Move Data from Source to Destination 




Operation: (Source)—Destination 

Assembler 

Syntax: MOVE <ea>, <ea> 

Attributes: Size = (Byte, Word, Long) 


Description: Move the content of the source to the destination location. The data is ex¬ 
amined as it is moved, and the condition codes set accordingly. The size of 
the operation may be specified to be byte, word, or long. 


Condition Codes: 


N 

Z 

V 

c 

X 


X N Z V C 


Set if the result is negative. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 
Always cleared. 

Always cleared. 

Not affected. 


Instruction Format: 


15 

14 

13 12 

11 10 9 8 7 6 

5 4 3 2 1 0 

0 

0 

Size 

Destination 
Register | Mode 

Source 

Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operand to be moved: 

01 — byte operation. 

11 — word operation. 

10 — long operation. 

Destination Effective Address field — Specifies the destination location. 
Only data alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 


register number 


«[»■ 

register number 

An 

— 

— 

Abs.W 

jBM 

000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

011 

register number 

fisiisgs n 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


— Continued — 
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MOVE 


Move Data from Source to Destination 




Instruction Fields: (Continued) 


Source Effective Address field — Specifies the source operand. All ad¬ 
dressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register | 

|Addresslng Mode 

UJ5J3 

Register 

Dn 

K<!il 

■EElHMliHli'iUEni 


■IN| 


An* 

001 

register number 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 


register number 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 

Ki 

register number 

Imm 

111 

100 


*For byte size operation, address register direct is not allowed. 


Notes: 


1. MOVEA is used when the destination is an address register. Most 
assemblers automatically make this distinction. 

2. MOVEQ can also be used for certain operations on data registers. 
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MOVE 
to OCR 


Move to Condition Codes 


MOVE 
to OCR 


Operation: (Source)—CCR 
Assembler 

Syntax: MOVE <ea>, CCR 

Attributes: Size = (Word) 

Description: The content of the source operand is moved to the condition codes. The 
source operand is a word, but only the low order byte is used to update the 
condition codes. The upper byte is ignored. 


Condition Codes: 


X N Z V C 



N Set the same as bit 3 of the source operand. 

Z Set the same as bit 2 of the source operand. 

V Set the same as bit 1 of the source operand. 

C Set the same as bit 0 of the source operand. 

X Set the same as bit 4 of the source operand. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 

0 I 1 I 0 I 0 I 0 I 1 I 0 I 0 I 1 I 1 I E K f ] e ° tive Address 

Mode i Register 


Instruction Fields: 

Effective Address field — Specifies the location of the source operand. 
Only data addressing modes are allowed as shown: 



(An) + 


-(An) 


d(An) 


Register 


>X'Mli?.7int-]aii'iiii»i-n 


reaister number 


register number 


register number 


register number 



Abs.W 


Abs.L 


d(PC) 


d(PC, Xi) 



Register 


register number 


000 


001 


010 


011 


100 


Note: 


MOVE to CCR is a word operation. AND, OR, and EOR to CCR are byte 
operations. 



































MOVE 
to SR 


Move to the Status Register 
(Privileged Instruction) 


MOVE 
to SR 


Operation: If supervisor state 

then (Source)—SR 
else TRAP 

Assembler 

Syntax: MOVE <ea>, SR 

Attributes: Size = (Word) 


Description: The content of the source operand is moved to the status register. The 
source operand is a word and all bits of the status register are affected. 


Condition Codes: Set according to the source operand. 

instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

0 

0 

i 

1 

0 

1 

1 

Effective Address 
Mode | Register 


instruction Fields: 

Effective Address field — Specifies the location of the source operand. 
Only data addressing modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

Kiimi 

■n;iCTai.timra» 


110 


An 


<■ 

Abs.W 

111 

000 

(An) 

010 

mm 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 

010 


100 

register number 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

111 

100 
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MOVE 
from SR 


Move from the Status Register 


MOVE 
from SR 


Operation: SR—Destination 


Assembler 

Syntax: 

Attributes: 


MOVE SR, <ea> 
Size = (Word) 


Description: The content of the status register is moved to the destination location. The 
operand size is a word. 

Condition Codes: Not affected. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


3 

1 

0 

0 

0 

0 

0 

0 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the destination location. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 


■EEtMMdiuuuiEn 

d(An, Xi) 

mum 

register number 

An 


■■BHH 


in 

000 

(An) 

010 

register number 

Abs.L 

in 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

■hm 



— 

— 

d(An) 


register number 

Imm 

— 

— 


Note: A memory destination is read before it is written to. 


137 






















Operation: If supervisor state 
then USP-An; 

An-USP 
else TRAP 

Assembler MOVE USP, An 
Syntax: MOVE An, USP 


Attributes: Size = (Long) 

Description: The contents of the user stack pointer are transferred to or from the 
specified address register. 



Move User Stack Pointer 
(Privileged Instruction) 


MOVE 

USP 


Condition Codes: Not affected. 
Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 ° 

0 

0 

0 

0 

0 

□ 

0 

0 


0 

0 

dr 

Register 


Instruction Fields: 

dr field — Specifies the direction of transfer: 

0 — transfer the address register to the USP. 

1 — transfer the USP to the address register. 

Register field — Specifies the address register to or from which the user 
stack pointer is to be transferred. 
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MOVEA 


MOVEA 


Move Address 


Operation: (Source)— Destination 

Assembler 

Syntax: MOVEA <ea>, An 


Attributes: Size = (Word, Long) 

Description: Move the content of the source to the destination address register. The size 
of the operation may be specified to be word or long. Word size source 
operands are sign extended to 32 bit quantities before the operation is 
done. 


Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


o 

n 

Size 

Destination 

Source 



Register 10 | 0 | 1 

Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operand to be moved: 

11 — Word operation. The source operand is sign-extended to a long 
operand and all 32 bits are loaded into the address register. 

10 — Long operation. 


Destination Register field — Specifies the destination address register. 
Source Effective Address field — Specifies the location of the source 
operand. All addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Bn 

Kjjljjl 

register number 

d(An, Xi) 

110 


An 

001 

register number 

Abs.W 

111 

000 

JfSflSMQIJMiilf 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 


register number 

Imm 

111 

100 
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Move Multiple Registers 






Operation: Registers—Destination 
(Source)— Registers 

Assembler MOVEM <register list>, <ea> 

Syntax: MOVEM <ea>, < register list> 

Attributes: Size = (Word, Long) 

Description: Selected registers are transferred to or from consecutive memory location 
starting at the location specified by the effective address. A register is 
transferred if the bit corresponding to that register is set in the mask field. 
The instruction selects how much of each register is transferred; either the 
entire long word can be moved or just the low order word. In the case of a 
word transfer to the registers, each word is sign-extended to 32 bits (also 
data registers) and the resulting long word loaded into the associated 
register. 

MOVEM allows three forms of address modes: the control modes, the 
predecrement mode, or the postincrement mode. If the effective address is 
in one of the control modes, the registers are transferred starting at the 
specified address and up through higher addresses. The order of transfer is 
from data register 0 to data register 7, then from address register 0 to ad¬ 
dress register 7. 

If the effective address is in the predecrement mode, only a register to 
memory operation is allowed. The registers are stored starting at the 
specified address minus two and down through lower addresses. The order 
of storing is from address register 7 to address register 0, then from data 
register 7 to data register 0. The decremented address register is updated 
to contain the address of the last word stored. 

If the effective address is in the postincrement mode, only a memory to 
register operation is allowed. The registers are loaded starting at the 
specified address and up through higher addresses. The order of loading is 
the same as for the control mode addressing. The incremented address 
register is updated to contain the address of the last word loaded plus two. 

Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



— Continued — 
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Move Multiple Registers 




Instruction Fields: 

dr field: 

Specifies the direction of the transfer: 

0 — register to memory 
1 — memory to register. 

Sz field — Specifies the size of the registers being transferred: 

0 — word transfer. 

1 — long transfer. 

Effective Address field — Specifies the memory address to or from which 
the registers are to be moved. 

For register to memory transfer, only control alterable addressing 
modes or the predecrement addressing mode are allowed as shown: 


Addressing Mode 

Mode 


Addressing Mode 

Mode 

Register 

Dn 

— 


d(An, Xi) 


reqister number 

An 

— 


mmmam 

mm 

000 

(An) 

010 

register number 

Abs.L 

in 

001 

(An) + 

— 

— 

d(PC) 

— 

— 

-(An) 

100 

register number 

tm ii i i iib 

— 

— 

d(An) 

101 



— 

— 


For memory to register transfer, only control addressing modes or the 
postincrement addressing mode are allowed as shown: 


Addressing Mode 

CEE 

■LU-IWI 

Addressing Mode 

Mode 


Dn 

— 

— 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 



(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 



d(PC) 

111 


-(An) 

— 

— i 

d(PC, Xi) 


011 

d(An) 

■w 


Imm 

— 

— 


Register List Mask field — Specifies which registers are to be transferred. 
The low order bit corresponds to the first register to be transferred; 
the high bit corresponds to the last register to be transferred. Thus, 
both for control modes and for the postincrement mode addresses, the 
mask correspondence is 


15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 


A7 

A6 A5 

A4 

A3 A2 

A1 

> 

o 

D7 D6 D5 D4 

D3 

D2 D1 

DO 


while for the predecrement mode addresses, the mask correspondence is 


15 14 13 12 11 10 9 8 


1 0 


D0|D1 [D2 |D3 |D4 |D5|D6 |P7 |A0 |A1 [A2|A3|A4 |A5|A6| A7 


Note: An extra read bus cycle occurs for memory operands. This amounts to a 

memory word at one address higher than expected being addressed during 
operation. 
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Move Peripheral Data 


MOVEP 


Operation: (Source)—Destination 

Assembler MOVEP Dx, d(Ay) 
Syntax: MOVEP d(Ay), Dx 


Attributes: Size = (Word, Long) 

Description: Data is transferred between a data register and alternate bytes of memory, 
starting at the location specified and incrementing by two. The high order 
byte of the data register is transferred first and the low order byte is 
transferred last. The memory address is specified using the address 
register indirect plus displacement addressing mode. If the address is 
even, all the transfers are made on the high order half of the data bus; if the 
address is odd, ail the transfers are made on the low order half of the data 
bus. 


Example: Long transfer to/from an even address. 


Byte organization in register 

31 24 23 16 15 8 7_0 


hi-order 

mid-upper 

mid-lower 

low-order 


Byte organization in memory (low address at top) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


hi-order 


mid-upper 


mid-lower 


low-order 



Example: Word transfer to/from an odd address. 

Byte organization in register 

31_ 24 23 _ 16 15 _87_0 

[ | 1 hi-order 1 low-order | 


Byte organization in memory (low address at top) 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



hi-order 


low-order 


Condition Codes: Not affected. 


— Continued — 
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MOVEP 


Move Peripheral Data 


MOVEP 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 

4 

3 

2 1 0 


0 

0 

0 

Data 

Register 

Op-Mode 

0 

0 

1 

Address 

Register 

j Displacement I 


Instruction Fields: 

Data Register field — Specifies the data register to or from which the data 
is to be transferred. 

Op-Mode field — Specifies the direction and size of the operation: 

100 — transfer word from memory to register. 

101 — transfer long from memory to register. 

110 — transfer word from register to memory. 

111 — transfer long from register to memory. 

Address Register field — Specifies the address register which is used in 
the address register indirect plus displacement addressing mode. 
Displacement field — Specifies the displacement which is used in calculat¬ 
ing the operand address. 
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MOVEQ __ MOVEQ 


Operation: Immediate Data—Destination 

Assembler 

Syntax: MOVEQ #<data>, Dn 

Attributes: Size = (Long) 

Description: Move immediate data to a data register. The data is contained in an 8-bit 
field within the operation word. The data is sign-extended to a long operand 
and all 32 bits are transferred to the data register. 

Condition Codes: X N Z V C 



N Set if the result is negative. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


0 1 11 Register 0 


Instruction Fields: 

Register field — Specifies the data register to be loaded. 

Data field — 8 bits of data which are sign extended to a long operand. 
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MULS 


Signed Multiply 


MULS 


Operation: (Source)*(Destination)— Destination 

Assembler 

Syntax: MULS <ea>, Dn 


Attributes: Size = (Word) 

Description: Multiply two signed 16-bit operands yielding a 32-bit signed result. The 
operation is performed using signed arithmetic. A register operand is taken 
from the low order word; the upper word is unused. All 32 bits of the product 
are saved in the destination data register. 


Condition Codes: 

N 

Z 

V 

c 

X 


X N Z V C 


0 0 


Set if the result is negative. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 
Always cleared. 

Always cleared. 

Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 4 3 2 1 0 

1 

i 

0 

0 

Register 

1 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies one of the data registers. This field always 
specifies the destination. 


Effective Address field — Specifies the source operand. Only data ad¬ 
dressing modes are allowed as shown: 




Register 

Addressing Mode 

Mode 




register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 


ItWWUldllul.tW 

Abs.L 

111 

001 

(An) + 

011 

mnm.iiinisrd 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 



register number 

Imm 

111 

100 
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MULU 


Unsigned Mulitply 


MULU 


Operation: (Source)‘(Destination)— Destination 

Assembler 

Syntax: MULU <ea>, Dn 

Attributes: Size = (Word) 


Description: Multiply two unsigned 16-bit operands yielding a 32-bit unsigned result. The 
operation is performed using unsigned arithmetic. A register operand is 
taken from the low order word; the upper word is unused. All 32 bits of the 
product are saved in the destination data register. 


Condition Codes: 


N 

Z 

V 

c 

X 


X N Z V C 


-**00 


Set if the most significant bit of the result is set. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 

Always cleared. 

Always cleared. 

Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

1 

0 

0 

Register 

0 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies one of the data registers. This field always spe¬ 
cifies the destination. 


Effective Address field — Specifies the source operand. Only data address¬ 
ing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 


register number 

h d(PC) 

111 




■ti-mtiiiiuuim 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number] 

Imm 

111 

100 
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Negate Decimal with Extend 


Operation: 0- (Destination)io - X— Destination 

Assembler 

Syntax: NBCD <ea> 


Attributes: Size = (Byte) 


Description: The operand addressed as the destination and the extend bit are sub¬ 
tracted from zero. The operation is performed using decimal arithmetic. 
The result is saved in the destination location. This instruction produces 
the tens complement of the destination if the extend bit is clear, the nines 
complement if the extend bit is set. This is a byte operation only. 


Condition Codes: 


X N Z V C 


U 


U 


N Undefined. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Undefined. 

C Set if a borrow (decimal) was generated. Cleared otherwise. 
X Set the same as the carry bit. 


NOTE 

Normally the Z condition code bit is set via programming 
before the start of an operation. This allows successful 
tests for zero results upon completion of multiple- 
precision operations. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

0 

1 

0 

0 

0 

0 

0 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the destination operand. Only data 
_alterable addressing modes are allowed as shown: 



Mode 

Register 



Register 

Dn 

000 

register number 

d(An, Xi) 


I^MMMIillli'iliTW 

An 

— 

— 

Abs.W 

111 

000 

(An) 


register number 

Abs.L 

mm 

001 

(An) + 


register number 

d(PC) 


— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 
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Negate 




Operation: 0 - (Destination)-* Destination 

Assembler 

Syntax: NEG <ea> 

Attributes: Size = (Byte, Word, Long) 

Description: The operand addressed as the destination is subtracted from zero. The 
result is stored in the destination location. The size of the operation may be 
specified to be byte, word, or long. 

Condition Codes: X N Z V C 

* * * * * 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Cleared if the result is zero. Set otherwise. 

X Set the same as the carry bit. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 

5 4 3 2 1 0 

E 

i 

0 

0 

0 

1 

_ 

0 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


rxmrirmm 


Register 

Addressing Mode 

Mode 

Register 

Dn 



d(An, Xi) 

110 

register number 

An 

_ 

— 


111 

000 

(An) 

010 

register number 

■■EE3KH 

111 

001 

(An) + 

011 

register number 

wmimmm 

— 

— 

-(An) 




— 

— 

d(An) 

■w 

register number| 

i Imm 

— 

— 
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Negate with Extend 


NEGX 


Operation: 0 - (Destination) - X— Destination 

Assembler 

Syntax: NEGX <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: The operand addressed as the destination and the extend bit are sub¬ 
tracted from zero. The result is stored in the destination location. The size 
of the operation may be specified to be byte, word, or long. 


Condition Codes: X N Z V C 


N Set if the result is negative. Cleared otherwise. 

Z Cleared if the result is non-zero. Unchanged otherwise. 
V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

NOTE 

Normally the Z condition code bit is set via programming 
before the start of an operation. This allows successful 
tests for zero results upon completion of multiple- 
precision operations. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 

5 4 3 2 1 0 

0 

1 

0 

0 

0 

0 

0 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 



Mode 



Mode 

iHKH'innsH 

Dn 

000 

register number 

] d(An, Xi) 

110 


An 

— 

— 

lllElKiS21E2BSIS 

111 

000 

(An) 

010 


Abs.L 

111 

001 

(An) -H 


register number] 

d(PC) 

— 

— 

-(An) 


1 

i 

- 

1 

i 


— 

— 

d(An) 


register number 

Imm 

— 

— 
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No Operation 


NOP 


NOP 


Operation: None 

Assembler 
Syntax: NOP 

Attributes: Unsized 


Description: No operation occurs. The processor state, other than the program counter, 
is unaffected. Execution continues with the instruction following the NOP 
instruction. 


Condition Codes: Not affected. 
Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


□ 

1 ° 

1 0 

0 

0 

S 

S 

0 

m 

0 

0 

0 

1 0 

0 

0 
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Logical Complement 


NOT 


NOT 


Operation: -(Destination)— Destination 

Assembler 

Syntax: NOT <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: The ones complement of the destination operand is taken and the result 
stored in the destination location. The size of the operation may be 
specified to be byte, word, or long. 


Condition Codes: 

N 

Z 

V 

c 

X 


X N Z V C 


0 0 


Set if the result is negative. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 
Always cleared. 

Always cleared. 

Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 

5 4 3 2 1 0 

0 

1 

0 

0 

0 

1 

1 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

EEra 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

" Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 


register number 

ape} 

— 

— 

-(An) 


register number 

d(PC, Xi) 

— 

— 

d(An) 


register number 

Imm 

— 

— 
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Inclusive OR Logical 




Operation: (Source) v (Destination)— Destination 

Assembler OR <ea>, Dn 
Syntax: OR Dn, <ea> 


Attributes: Size = (Byte, Word, Long) 


Description: Inclusive OR the source operand to the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long. The contents of an address register may 
not be used as an operand. 


Condition Codes: 


N 

Z 

V 

c 

X 


X N Z V C 


0 0 


Set if the most significant bit of the result is set. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 

Always cleared. 

Always cleared. 

Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

0 

0 

0 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. 
Op-Mode field — 

Byte Word Long Operation 

000 001 010 (<Dn>) v (<ea>)—<Dn> 

100 101 110 (<ea>) v (<Dn>)—<ea> 


Effective Address field — 

If the location specified is a source operand then only data addressing 
modes are allowed as shown: 



Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

■ L-l* 1 fci 03 11» ll ll ■!-] ■ | 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 


Abs.L 

111 

001 



register number 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

111 

100 


— Continued — 
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Inclusive OR Logical 




Effective Address field (Continued) 

If the location specified is a destination operand then only memory alter¬ 
able addressing modes are allowed as shown: 


Kr.iBHMwn 

Mode 

Register 


Mode 

Register 

Dn 

— 

— 

h— n i ii ii— 


register number 

An 

— 

— 

Abs.W 


000 

(An) 



Abs.L 

111 

001 

(An) + 

Oil 

register number| 

d(PC) 

— 

— 



■M.IMHl.lllnUMil 

d(PC, Xi) 

— 

— 

d(An) 



Imm 

— 

— 


Notes: 1. If the destination is a data register, then it cannot be specified by using 

the destination <ea> mode, but must use the destination Dn mode in¬ 
stead. 

2. ORI is used when the source is immediate data. Most assemblers 
automatically make this distinction. 
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Inclusive OR Immediate 


ORI 


ORI 


Operation: 

Assembler 

Syntax: 

Attributes: 


Immediate Data v (Destination)—Destination 

ORI #<data>, <ea> 

Size = (Byte, Word, Long) 


Description: Inclusive OR the immediate data to the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long. The size of the immediate data matches 
the operation size. 


Condition Codes: 


X N Z V C 


0 0 


N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

0 

0 

0 

0 

Size 

Effective Address 
Mode i Register 


Word Data (16 bites) 

Byte Data (8 bits) 

Long Data (32 bits, including 

previous word) 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 


000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

011 

register number 

d(PC) 

— 

— 


100 


d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Immediate field — (Data immediately following the instruction): 

If size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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ORI 
to CCR 


Inclusive OR Immediate to Condition Codes 


to 


ORI 

CCR 


Operation: 

Assembler 

Syntax: 

Attributes: 

Description: 


(Source) v CCR—CCR 

ORI #xxx, CCR 
Size = (Byte) 

Inclusive OR the immediate operand with the condition codes and store the 
result in the low-order byte of the status register. 


Condition Codes: 


X N Z V C 



N 

Set 

if 

bit 

3 

of 

Z 

Set 

if 

bit 

2 

of 

V 

Set 

if 

bit 

1 

of 

c 

Set 

if 

bit 

0 

of 

X 

Set 

if 

bit 

4 

of 


immediate operand 
immediate operand 
immediate operand 
immediate operand 
immediate operand 


is one. Unchanged 
is one. Unchanged 
is one. Unchanged 
is one. Unchanged 
is one. Unchanged 


otherwise. 

otherwise. 

otherwise. 

otherwise. 

otherwise. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 5 4 3 2 1 0 

0 

0 

0 

0 

0 

0 

0 

0 


olllllllllolol 

0 

0 

0 

0 

0 

0 

0 

0 

Byte Data (8 bits) 
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ORI 
to SR 


Inclusive OR Immediate to the Status Register 
(Privileged Instruction) 


ORI 
to SR 


Operation: If supervisor state 

then (Source) v SR—SR 
else TRAP 

Assembler 

Syntax: ORI #xxx, SR 

Attributes: Size = (Word) 

Description: Inclusive OR the immediate operand with the contents of the status 
register and store the result in the status register. All bits of the status 
register are affected. 

Condition Codes: X N Z V C 



N Set if bit 3 of immediate operand is one. Unchanged otherwise. 

Z Set if bit 2 of immediate operand is one. Unchanged otherwise. 

V Set if bit 1 of immediate operand is one. Unchanged otherwise. 

C Set if bit 0 of immediate operand is one. Unchanged otherwise. 

X Set if bit 4 of immediate operand is one. Unchanged otherwise. 

instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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PEA 


PEA 


Push Effective Address 


Operation: Destination — - (SP) 


Assembler 

Syntax: 

Attributes: 


PEA <ea> 
Size = (Long) 


Description: The effective address is computed and pushed onto the stack. A long word 
address is pushed onto the stack. 

Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

0 

0 

o 

0 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the address to be pushed onto the 
stack. Only control addressing modes are allowed as shown:_ 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

— 

— 

d(An, Xi) 


register number 

An 



Abs.W 

111 

000 

(An) 


register number 

Abs.L 

111 

001 

(An) + 


— 

d(PC) 

111 

010 

-(An) 

— 

— 

d(PC, Xi) 

111 

011 

d(An) 

101 

register number 

Imm 

— 

— 
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RESET 


Reset External Devices 
(Privileged Instruction) 


RESET 


Operation: If supervisor state 

then Assert RESET Line 
else TRAP 


Assembler 
Syntax: RESET 

Attributes: Unsized 

Description: The reset line is asserted causing all external devices to be reset. The pro¬ 
cessor state, other than the program counter, is unaffected and execution 
continues with the next instruction. 


Condition Codes: Not affected. 
Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

m 

0 

H] 

0 

E 

m 

l°J 

0 

m 

S 

m 

E 

0 


0 
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ROL 

Rotate (without Extend) 

ROL 

ROR 


ROR 


Operation: (Destination) Rotated by < count> — Destination 

Assembler ROd Dx, Dy 
Syntax: ROd #<data>, Dy 

ROd <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Rotate the bits of the operand in the direction specified. The extend bit is 
not included in the rotation. The shift count for the rotation of a register 
may be specified in two different ways: 

1. Immediate — the shift count is specified in the instruction (shift range, 
1 - 8 ). 

2. Register — the shift count is contained in a data register specified in 
the instruction. 

The size of the operation may be specified to be byte, word, or long. The 
content of memory may be rotated one bit only and the operand size is 
restricted to a word. 


For ROL, the operand is rotated left; the number of positions shifted is the 
shift count. Bits shifted out of the high order bit go to both the carry bit and 
back into the low order bit. The extend bit is not modified or used. 


ROL: 



For ROR, the operand is rotated right; the number of position shifted is the 
shift count. Bits shifted out of the low order bit go to both the carry bit and 
back into the high order bit. The extend bit is not modified or used. 


ROR: 



Operand 



Condition Codes: 

N 

Z 

V 

c 

X 


X N Z V C 



Set if the most significant bit of the result is set. Cleared otherwise. 
Set if the result is zero. Cleared otherwise. 

Always cleared. 

Set according to the last bit shfited out of the operand. Cleared for 
a shift count of zero. 

Not affected. 


— Continued — 
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ROL 

ROR 


Rotate (Without Extend) 


ROL 

ROR 


Instruction Format (Register Rotate): 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

i 

1 

0 

Count/ 

Register 

dr 

Size 

i/r 

i 

1 

Register 


Instruction Fields (Register Rotate): 

Count/Register field — 

if i/r = 0, the rotate count is specified in this field. The values 0, 1-7 
represent a range of 8,1 to 7 respectively. 

If i/r = 1, the rotate count (modulo 64) is contained in the data register 
specified in this field. 

dr field — Specifies the direction of the rotate: 

0 — rotate right. 

1 — rotate left. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation, 
i/r field — 

If i/r = 0, specifies immediate rotate count. 

If i/r = 1, specifies register rotate count. 

Register field — Specifies a data register whose content is to be rotated. 

Instruction Format (Memory Rotate): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

1 

i 

1 

0 

0 

1 

i 

dr 

1 

i 

Effective Address 
Mode | Register 


Instruction Fields (Memory Rotate): 

dr field — Specifies the direction of the rotate: 
0 — rotate right 
1 — rotate left. 


Effective Address field — Specifies the operand to be rotated. Only 
memory alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 



Register 

Dn 

— 

— 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

jSjSjjfJilW ■*: ^ > 

■■If 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 
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ROXL 

ROXR 


Rotate with Extend 


ROXL 

ROXR 


Operation: (Destination) Rotated by < count > — Destination 

Assembler ROXd Dx, Dy 
Syntax: ROXd #<data>, Dy 

ROXd <ea> 

Attributes: Size = (Byte, Word, Long) 


Description: Rotate the bits of the destination operand in the direction specified. The ex¬ 
tend bit is included in the rotation. The shift count for the rotation of a 
register may be specified in two different ways: 

1. Immediate — the shift count is specified in the instruction (shift 
range, 1-8). 

2. Register — the shift count is contained in a data register specified in 
the instruction. 

The size of the operation may be specified to be byte, word, or long. The 
content of memory may be rotated one bit only and the operand size is 
restricted to a word. 


ROXL: 


ROXR: 


For ROXL, the operand is rotated left; the number of positions shifted is the 
shift count. Bits shifted out of the high order bit go to both the carry and ex¬ 
tend bits; the previous value of the extend bit is shifted into the low order 
bit. 



For ROXR, the operand is rotated right; the number of positions shifted is 
the shift count. Bits shifted out of the low order bit go to both the carry and 
extend bits; the previous value of the extend bit is shifted into the high 
order bit. 



— Continued — 
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ROXL 

ROXR 


Rotate with Extend 


ROXL 

ROXR 


Condition Codes: X N Z V C 
* * * o * 

N Set if the most significant bit of the result is set. Cleared otherwise. 
Z Set if the result is zero. Cleared otherwise. 

V Always cleared. 

C Set according to the last bit shifted out of the operand. Set to the 
value of the extend bit for a shift count of zero. 

X Set according to the last bit shifted out of the operand. Unaffected 
for a shift count of zero. 

Instruction Format (Register Rotate): 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

1 

1 

0 

Count/ 

Register 

dr 

Size 

i/r 

1 

0 

Register 


Instruction Fields (Register Rotate): 

Count/Register field: 

If i/r = 0, the rotate count is specified in this field. The values 0, 1-7 
represent range of 8,1 to 7 respectively. 

If i/r = 1, the rotate count (modulo 64) is contained in the data register 
specified in this field. 

dr field — Specifies the direction of the rotate: 

0 — rotate right. 

1 — rotate left. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation, 
i/r field — 

If i/r = 0, specifies immediate rotate count. 

If i/r = 1, specifies register rotate count. 

Register field — Specifies a data register whose content is to be rotated. 


— Continued — 
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ROXL 

ROXR 


Rotate with Extend 


ROXL 

ROXR 


instruction Format (Memory Rotate): 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

1 

i 

1 

0 

0 

1 

0 

dr 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields (Memory Rotate): 

dr field — Specifies the direction of the rotate: 
0 — rotate right. 

1 — rotate left. 


Effective Address field — Specifies the operand to be rotated. Only 
memory alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

— 

— 

d(An, Xi) 

110 

register number 

An 

— 




000 

(An) 

010 

register number 

Abs.L 

111 

001 


011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

l_ Imm 

— 

— 
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RTE 


Return from Exception 
(Privileged Instruction) 


RTE 


Operation: If supervisor state 

then (SP) + - SR; (SP) + — PC 
else TRAP 


Assembler 
Syntax: RTE 

Attributes: Unsized 

Description: The status register and program counter are pulled from the system stack. 

The previous status register and program counter are lost. All bits in the 
status register are affected. 


Condition Codes: Set according to the content of the word on the stack. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

E 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 
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Return and Restore Condition Codes 


RTR 


RTR 


Operation: (SP) + — CC; (SP) + — PC 

Assembler 
Syntax: RTR 

Attributes: Unsized 


Description: The condition codes and program counter are pulled from the stack. The 
previous condition codes and program counter are lost. The supervisor por¬ 
tion of the status register is unaffected. 


Condition Codes: Set according to the content of the word on the stack. 


Instruction Format: 


15 

14 

13 

12 


10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 


0 

m 


0 

0 


0 

0 

0 

0 

m 

0 
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Return from Subroutine 


RTS 


RTS 


Operation: (SP) + — PC 

Assembler 
Syntax: RTS 

Attributes: Unsized 

Description: The program counter is pulled from the stack. The previous program 
counter Is lost. 

Condition Codes: Not affected. 

Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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SBCD 


Subtract Decimal with Extend 


SBCD 


Operation: (Destination)io - (Source)io - X— Destination 

Assembler SBCD Dy, Dx 

Syntax: SBCD -(Ay), -(Ax) 

Attributes: Size = (Byte) 

Description: Subtract the source operand from the destination operand along with the 
extend bit and store the result in the destination location. The subtraction 
is performed using binary coded decimal arithmetic. The operands may be 
addressed in two different ways: 

1. Data register to data register: The operands are contained in the data 
registers specified in the instruction. 

2. Memory to memory: The operands are addressed with the predecre¬ 
ment addressing mode using the address registers specified in the 
instruction. 

This operation is a byte operation only. 

Condition Codes: X N Z V C 



N Undefined. 

Z Cleared if the result is non-zero. Unchanged otherwise. 

V Undefined. 

C Set if a borrow (decimal) is generated. Cleared otherwise. 

X Set the same as the carry bit. 

NOTE 

Normally the Z condition code bit is set via programm¬ 
ing before the start of an operation. This allows suc¬ 
cessful tests for zero results upon completion of 
multiple-precision operations. 

Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Register Rx field — Specifies the destination register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the prececrement ad¬ 
dressing mode. 

R/M field — Specifies the operand addressing mode: 

0 — The operation is data register to data register. 

1 — The operation is memory to memory. 

Register Ry field — Specifies the source register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 
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Set According to Condition 


See 


See 


Operation: If (Condition True) 

then 1’s -^Destination 
else 0’s — Destination 

Assembler 

Syntax: See <ea> 

Attributes: Size = (Byte) 


Description: The specified condition code is tested; if the condition is true, the byte 
specified by the effective address is set to TRUE (all ones), otherwise that 
byte is set to FALSE (all zeroes), “cc” may specify the following conditions: 


CC 

carry clear 

0100 

C 


LS 

low or same 

0011 

C + Z 

cs 

carry set 

0101 

c 


LT 

less than 

1101 

N.V + N.V 

EQ 

equal 

0111 

z 


Ml 

minus 

1011 

N 

F 

false 

0001 

0 


NE 

not equal 

0110 

z 

GE 

greater or equal 

1100 

N.V + N.V 


PI 

plus 

1010 

N 

GT 

greater than 

1110 

N-V.Z + N.V.Z 


T 

true 

0000 

1 

HI 

high 

0010 

C-Z 


VC 

overflow clear 

1000 

V 

LE 

less or equal 

1111 

Z+N.V + N.V 


VS 

overflow set 

1001 

V 


Condition Codes: Not affected. 
Instruction Format: 


15 

14 

13 

12 

11 10 9 8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

1 

Condition 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Condition field — One of sixteen conditions discussed in description. 
Effective Address field — Specifies the location in which the true/false 
byte is to be stored. Only data alterable addressing modes are allowed 
as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Notes: 


1. A memory destination is read before being written to. 

2. An arithmetic one and zero result may be generated by following the See 
instruction with a NEG instruction. 
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STOP 


Load Status Register and Stop 
(Privileged Instruction) 


STOP 


Operation: If supervisor state 

then Immediate Data—SR; STOP 
else TRAP 

Assembler 

Syntax: STOP #xxx 

Attributes: Unsized 

Description: The immediate operand is moved into the entire status register; the pro¬ 
gram counter is advanced to point to the next instruction and the processor 
stops fetching and executing instructions. Execution of instructions 
resumes when a trace, interrupt, or reset exception occurs. A trace excep¬ 
tion will occur if the trace state is on when the STOP instruction is ex¬ 
ecuted. If an interrupt request arrives whose priority is higher than the cur¬ 
rent processor priority, an interrupt exception occurs, otherwise the inter¬ 
rupt request has no effect, if the bit of the immediate data corresponding to 
the S-bit is off, execution of the instruction will cause a privilege violation. 
External reset will always initiate reset exception processing. 

Condition Codes: Set according to the immediate operand. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Immediate field — Specifies the data to be loaded into the status register. 
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Subtract Binary 




Operation: (Destination) - (Source)— Destination 


Assembler SUB <ea>, Dn 
Syntax: SUB Dn, <ea> 


Attributes: Size = (Byte, Word, Long) 


Description: Subtract the source operand from the destination operand and store the 
result in the destination. The size of the operation may be specified to be 
byte, word, or long. The mode of the instruction indicates which operand is 
the source and which is the destination as well as the operand size. 

Condition Codes: X N Z V C 

***** 

N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

0 

0 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Instruction Fields: 

Register field — Specifies any of the eight data registers. 
Op-Mode field — 

Byte Word Long Operation 

000 001 010 (<Dn>)-(<ea>)—<Dn> 

100 101 110 (<ea>)-(<Dn>)— <ea> 


Effective Address field — Determines addressing mode: 

If the location specified is a source operand, then all addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

ooo 

register number 

d(An, Xi) 

110 

register number 

An* 


■M.iiaiai.wi.’jagi 

Abs.W 

111 

000 

(An) 

010 


Abs.L 

111 

001 

<An) + 


■ i-U 1M ill fill '4 

d(PC) 


010 

-(An) 

100 

register number 

d(PC, Xi) 


011 

d(An) 

101 

register number 

Imm 


100 


*For byte size operation, address register direct is not allowed. 


— Continued — 
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Subtract Binary 




Effective Address field (Continued) 


If the location specified is a destination operand, then only alterable 
memory addressing modes are allowed as shown: _ 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

Register 

Dn 

— 

— 

d(An, Xi) 

mum 

register number 

An 

— 

— 

Abs.W 

EH 

000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

nm 

register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 


— 


Notes: 1 . if the destination is a data register, then it cannot be specified by using 

the destination <ea> mode, but must use the destination Dn mode in¬ 
stead. 

2. SUBA is used when the destination is an address register. SUBI and 
SUBQ are used when the source is immediate data. Most assemblers 
automatically make this distinction. 
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Subtract Address 


SUBA 


SUBA 


Operation: (Destination) - (Source)—Destination 

Assembler 

Syntax: SUBA <ea>, An 

Attributes: Size = (Word, Long) 

Description: Subtract the source operand from the destination address register and 
store the result in the address register. The size of the operation may be 
specified to be word or long. Word size source operands are sign extended 
to 32 bit quantities before the operation is done. 


Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

0 

0 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


instruction Fields: 

Register field — Specifies any of the eight address registers. This is al¬ 
ways the destination. 

Op-Mode field — Specifies the size of the operation: 

Oil — Word operation. The source operand is sign-extended to a 
long operand and the operation is performed on the address register 
using all 32 bits. 

Ill — Long operations. 

Effective Address field — Specifies the source operand. All addressing 
modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 

SiWiffiTHfflllli 

Dn 

■Uilil 


d(An, Xi) 

110 

wm-ujaKiiwragHi 

An 

001 

register number 

Abs.W 

111 

000 

(An) 

010 

register number 

Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

111 

010 

-(An) 

100 

register number 

d(PC, Xi) 

111 

011 

d(An) 

^1 

register number 

Imm 

111 

100 
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Subtract Immediate 




Operation: (Destination)-Immediate Data—Destination 

Assembler 

Syntax: SUBI #<data>, <ea> 

Attributes: Size = (Byte, Word, Long) 


Description: Subtract the immediate data from the destination operand and store the 
result in the destination location. The size of the operation may be 
specified to be byte, word, or long. The size of the immediate data matches 
the operation size. 


Condition Codes: 


X N Z V C 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

0 

1 

0 0 

Size 

Effective Address 
Mode | Register 

I Word Data (16 t 

DitS) 

| Byte Data (8 bits) 1 

Long Data (32 bits, including previous word) j 


Instruction Fields: 

Size field — Specifies the size of the operation. 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 



Mode 


Addressing Mode 

Mode 

Register 


000 


d(An, Xi) 

110 

register number 

An 

— 


Abs.W 

■m 

000 

(An) 


register number 

Abs.L 

mam 

001 

(An) + 


register number 

d(PC) 

— 

— 

-(An) 


register number 

d(PC, Xi) 

— 

— 

d(An) 

101 

register number 

Imm 

— 

— 


Immediate field — (Data immediately following the instruction) 

If size = 00, then the data is the low order byte of the immediate word. 
If size = 01, then the data is the entire immediate word. 

If size = 10, then the data is the next two immediate words. 
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SUBQ 


Subtract Quick 


SUBQ 


Operation: (Destination) - Immediate Data — Destination 


Assembler 

Syntax: 


SUBQ #<data>, <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Subtract the immediate data from the destination operand. The data range 
is from 1-8. The size of the operation may be specified to be byte, word, or 
long. Word and long operations are also allowed on the address registers 
and the condition codes are not affected. Word size source operands are 
sign extended to 32 bit quantities before the operation is done. 


Condition Codes: 


XNZVC 
I * I * I * I * I * I 


N Set if the result is negative. Cleared otherwise. 

Z Set if the result is zero. Cleared otherwise. 

V Set if an overflow is generated. Cleared otherwise. 

C Set if a borrow is generated. Cleared otherwise. 

X Set the same as the carry bit. 

The condition codes are not affected if a subtraction from an address 
register is made. 


Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 I 1 10 I 1 I Data 1 Size E k f ! e ° tive £ ddre f s 

Mode | Register 


Instruction Fields: 

Data field — Three bits of immediate data, 0, 1-7 representing a range of 
8, 1 to 7 respectively. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination location. Only alterable 
addressing modes are allowed as shown: 


| Addressing Mode | Mode | 


Addressing Model Mode 


Register 


Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An* 

001 

register number 

Abs.W 


000 

(An) 

010 

register number 

Abs.L 


001 

(An) + 

011 

register number 

d(PC) 

— 

— 

-(An) 

100 

register number 

d(PC, Xi) 

— 

— 
























SUBX 


Subtract with Extend 


SUBX 


Operation: (Destination) - (Source) - X— Destination 

Assembler SUBX Dy, Dx 

Syntax: SUBX -(Ay), -(Ax) 

Attributes: Size = (Byte, Word, Long) 

Description: Subtract the source operand from the destination operand along with the 
extend bit and store the result in the destination location. The operands 
may be addressed in two different ways: 

1. Data register to data register: The operands are contained in data 
registers specified in the instruction. 

2. Memory to memory. The operands are contained in memory and ad¬ 
dressed with the predecrement addressing mode using the address 
registers specified in the instruction. 

The size of the operation may be specified to be byte, word, or long. 

Condition Codes: X N Z V C 



N Set if the result is negative. Cleared otherwise. 

Z Cleared if the result is non-zero. Unchanged otherwise. 
V Set if an overflow is generated. Cleared otherwise. 

C Set if a carry is generated. Cleared otherwise. 

X Set the same as the carry bit. 

NOTE 

Normally the Z condition code bit is set via programming 
before the start of an operation. This allows successful 
tests for zero results upon completion of multiple- 
precision operations. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



— Continued — 
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SUBX 


SUBX 


Subtract with Extend 


Instruction Fields: 

Register Rx field — Specifies the destination register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

R/M field — Specifies the operand addressing mode: 

0 — The operation is data register to data register. 

1 — The operation is memory to memory. 

Register Ry field — Specifies the source register: 

If R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement address¬ 
ing mode. 
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SWAP 


Swap Register Halves 


SWAP 


Operation: 

Assembler 

Syntax: 

Attributes: 

Description: 


Register [31:16]—Register [15:0] 

SWAP Dn 
Size = (Word) 

Exchange the 16-bit halves of a data register. 


Condition Codes: X N Z V C 


H 

□ 

E 

0 

0 


N Set if the most significant bit of the 32-bit result is set. Cleared 
otherwise. 

Z Set if the 32-bit result is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction 


Instruction 


Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


Register 


Fields: 

Register field — Specifies the data register to swap. 
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TAS 


Test and Set an Operand 


TAS 


Operation: (Destination) Tested—CC; 1 —bit 7 OF Destination 

Assembler 

Syntax: TAS <ea> 

Attributes: Size = (Byte) 


Description: Test and set the byte operand addressed by the effective address field. The 
current value of the operand is tested and N and Z are set accordingly. The 
high order bit of the operand is set. The operation is indivisible (using a 
read-modify-write memory cycle) to allow synchronization of several pro¬ 
cessors. 


Condition Codes: 


X N Z V C 


0 o 


N Set if the most significant bit of the operand was set. Cleared other¬ 
wise. 

Z Set if the operand was zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 


Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

| 

1 

0 

0 

1 

0 

1 

0 

1 

1 

Effective Address 
Mode | Register 


Instruction Fields: 

Effective Address field — Specifies the location of the tested operand. 
Only data alterable addressing modes are allowed as shown: 


Addressing Mode 

Mode 

Register 

Addressing Mode 

Mode 


Dn 

■TgTiJ 

register number 

d(An, Xi) 

110 


An 

— 

— 

Abs.W 

111 

000 

(An) 

010 


Abs.L 

111 

001 

(An) + 

011 

register number 

d(PC) 

— 

— 


"TOO - 

register number 

d(PC, Xi) 

— 

— 

a(An) 

101 

register number 

Imm 

— 

— 


Note: Bus error retry is inhibited on the read portion of the TAS read-modify-write 

bus cycle to ensure system integrity. The bus error exception is always 
taken. 
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TRAP 


Trap 


TRAP 


Operation: PC-(SSP); SR-(SSP); (Vector)-* PC 

Assembler 

Syntax: TRAP #< vector > 

Attributes: Unsized 

Description: The processor initiates exception processing. The vector number is 
generated to reference the TRAP instruction exception vector specified by 
the low order four bits of the instruction. Sixteen TRAP instruction vectors 
are available. 

Condition Codes: Not affected. 

Instruction Format: 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 2 10 

0 


0 

0 

m 

0 

0 


0 

0 

0 

0 

Vector 


Instruction Fields: 

Vector field — Specifies which trap vector contains the new program 
counter to be loaded. 
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TRAPV 


Trap on Overflow 


TRAPV 


Operation: If V then TRAP 

Assembler 

Syntax: TRAPV 

Attributes: Unsized 

Description: If the overflow condition is on, the processor initiates exception process¬ 
ing. The vector number is generated to reference the TRAPV exception vec¬ 
tor. If the overflow condition is off, no operation is performed and execu¬ 
tion continues with the next instruction in sequence. 

Condition Codes: Not affected. 

Instruction Format: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 
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Test an Operand 


TST 


TST 


Operation: (Destination) Tested — CC 

Assembler 

Syntax: TST <ea> 


Attributes: Size = (Byte, Word, Long) 

Description: Compare the operand with zero. No results are saved; however, the condi¬ 
tion codes are set according to results of the test. The size of the operation 
may be specified to be byte, word, or long. 


Condition Codes: X N Z V C 

| — | * | * | 0 | 0 | 

N Set if the operand is negative. Cleared otherwise. 
Z Set if the operand is zero. Cleared otherwise. 

V Always cleared. 

C Always cleared. 

X Not affected. 

Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

0 

1 

0 

Size 

Effective Address 
Mode | Register 


Instruction Fields: 

Size field — Specifies the size of the operation: 

00 — byte operation. 

01 — word operation. 

10 — long operation. 

Effective Address field — Specifies the destination operand. Only data 
alterable addressing modes are allowed as shown: 


\Wl t* f* rrmn u pt* i ^ 

Mode 

Register 

Addressing Mode 



Dn 

000 

register number 

d(An, Xi) 

110 

register number 

An 

— 

— 

Abs.W 


000 

(An) 

010 

register number 

Abs.L 


001 





— 

— 

-(An) 

100 


amn 

— 

— 


101 


i Imm 

— 

— 
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UNLK 


Unlink 


UNLK 


Operation: An — SP; (SP) + — An 
Assembler 

Syntax: UNLK An 

Attributes: Unsized 

Description: The stack pointer is loaded from the specified address register. The ad¬ 
dress register is then loaded with the long word pulled from the top of the 
stack. 

Condition Codes: Not affected. 


Instruction Format: 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



Instruction Fields: 

Register field — specifies the address register through which the unlinking 
is to be done. 
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APPENDIX C 

INSTRUCTION FORMAT SUMMARY 


C.1 INTRODUCTION 

This appendix provides a summary of the first word in each instruction of the instruction 
set. Table C-1 is an operation code (op-code) map which illustrates how bits 15 through 12 
are used to specify the operations. The remaining paragraph groups the instructions ac¬ 
cording to the op-code map. 


Table C-1. Operation Code Map 


Bits 

15 through 12 

Operation 

■ 

Bits 

15 through 12 

Operation 

0000 

Bit Manipulation/MOVEP/lmmediate 

■ 

1000 

OR/DIV/SBCD 

0001 

Move Byte 

1 

1001 

SUB/SUBX 

0010 

Move Long 


1010 

(Unassigned) 

0011 

Move Word 

if 

1011 

CMP/EOR 

0100 

Miscellaneous 

■ 

1100 


0101 

ADDQ/SUBQ/Scc/DBcc 


1101 

ADD/ADDX 

0110 

Bcc/BSR 


1110 

Shift/Rotate 

0111 

MOVEQ 


1111 

(Unassigned) 


Table C-2. Effective Address Encoding Summary 


Addressing Mode 

Mode 

Register 

Data Register Direct 


register number 

Address Register Direct 


register number 

Address Register Indirect 

010 

register number 

Address Register Indirect with Postincrement 

011 

register number 

Address Register Indirect with Predecrement 

100 

register number 

Address Register Indirect with Displacement 

101 


Address Register Indirect with Index 

110 

register number 

Absolute Short 

111 

000 

Absolute Long 

111 

001 

Program Counter with Displacement 

111 

010 

Program Counter with Index 

111 

011 

Immediate or Status Register 

111 

100 
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Table C-3. Conditional Tests 


Mnemonic 



Test 

T 

true 


1 

F 

false 

0001 

0 

HI 

high 

0010 


IS 

low or same 

0011 

c+z 

CC(HS) 

carry clear 

0100 

c 

CS(LO) 

carry set 

0101 

c 

NE 

not equal 

0110 

z 

EQ 

equal 

0111 

z 

VC 

overflow clear 

1000 

V 

vs 

overflow set 

1001 

V 

PL 

plus 

1010 

R 

Mi 

minus 

1011 

N 

GE 

greater or equal 

1100 

N.V + N.V 

LT 

less than 

1101 

N-V + N.V 

GT 

greater than 

1110 

N.V-Z + N.V.Z 

LE 

less or equal 

1111 



C.2 BIT MANIPULATION, MOVE PERIPHERAL, IMMEDIATE INSTRUCTIONS 


Dynamic Bit 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 4 3 2 1 0 

0 

0 

0 

0 

Register 

1 

Type 

Effective Address 

Mode | Register 


Static Bit 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

1 

0 

0 

0 

Type 

Effective Address 

Mode | Register 


Type field: 00 = TST 10 = CLR 
01 =CHG 11= SET 


MOVEP 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 

4 

3 

2 1 0 

L°J 

0 

0 

0 

Register 

Op-Mode 

□n 

0 

1 

Register 


Op-Mode field: 100 = transfer word from memory to register 

101 = transfer long word from memory to register 

110 = transfer word from register to memory 

111 = transfer long word from register to memory 

OR Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

0 

0 

0 

0 

Size 

Effective Address 

Mode | Register 


Size field: 00 = byte 
01 = word 
11 = long word 
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OR Immediate to OCR 



15 

14 

13 

12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 

2 

i 

0 


0 

D 

□ 

D 

u 

a 

D 

D 

D 

D 

a 

i 

D 

D 

D 

D 

OR Immediate to SR 















15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

i 

0 


0 

D 

□ 

D 

□ 

0 

a 

a 

□ 

1 

1 

i 

1 

1 

0 

0 

AND Immediate 
















15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


D 

D 

H 

D 




D 

Size 

Effective Address 
Mode | Register 






* 








5 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 



0 

D 

a 

D 

a 

0 

a 

a 

D 

D 

a 


a 

a 

Q 

£3 


AND Immediate to SR 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0 

0 

0 

0 | 

0 

1 

0 

L°J 

1 

1 

i 

1 

1 1 

0 

M 


SUB Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 



0 

0 

0 

0 

0 

1 

0 

0 

Size 

Effective Address 
Mode | Register 

* 

ADD Immediate 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

0 

0 

0 

0 

1 

1 

0 

Size 

Effective Address 
Mode | Register 


* 


EOR Immediate 


15 

14 

13 

12 

11 

10 

9 

8 

7 6 

5 4 3 2 1 0 

o 

0 

0 

‘ 

0 

1 

0 

i 

0 

Size 

Effective Address 
Mode | Register 

‘Size field: 

00 = 

byte 




* 



01 = word 
11 = long word 
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EOR Immediate to CCR 



15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


0 

□ 

□ 

□ 

a 

D 

a 

D 

□ 

D 

B 

B 

B 

B 

D 

B 

EOR Immediate to SR 

15 14 13 

12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 



□ 

□ 

□ 

B 

B 

1 

0 

0 

1 

B 

B 

B 

B 

D 

□ 

CMP Immediate 

15 14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


0 

0 

0 

0 

1 

1 

0 

0 

Size 

Effective Address 
Mode | Register 


Size field: 00 = byte 
01 = word 
11 = long word 


C.3 MOVE BYTE INSTRUCTION 
MOVE Byte 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 1 


0 

0 

0 

1 

Destination 
Register | Mode 

Source 

Mode Register 


Note Register and Mode location 


C.4 MOVE LONG INSTRUCTION 

MOVE Long 


15 

14 

13 

12 

11 10 9 8 7 6 

5 4 3 2 1 0 

0 

0 

1 

0 

Destination 

Register | Mode 

Source 

Mode | Register 


Note Register and Mode location 


C.S MOVE WORD INSTRUCTION 
MOVE Word 


15 

14 

13 

12 

11 10 9 8 7 6 

5 4 3 2 1 0 

0 

0 

1 

1 

Destination 
Register | Mode 

Source 

Mode | Register 


Note Register and Mode location 
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C.6 MISCELLANEOUS INSTRUCTIONS 


NEGX 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

0 

0 

0 

0 

Size 

Effective Address 
Mode | Register 


* 


MOVE from SR 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

i 

0 

0 

0 

0 

0 

0 

1 

1 

Effective Address 
Mode | Register 


CLR 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

0 

0 

1 

0 

Size 

Effective Address 
Mode | Register 


* 


NEG 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

0 

1 

0 

0 

Size 

Effective Address 
Mode | Register 


* 


MOVE to OCR 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 2 1 0 

0 

1 

0 

0 

0 

1 

0 

0 

1 

1 

Effective Address 
Mode | Register 


NOT 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

0 

1 

1 

0 

Size 

Effective Address 
Mode | Register 


* 


MOVE to SR 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

0 

1 

1 

0 

1 

1 

Effective Address 
Mode | Register 


'Size field: 00 = byte 
01 = word 
11 = long word 
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NBCD 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 

2 1 0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

0 

Effective Address 

Mode | Register 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 4 3 

2 1 0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

1 

Effective Address 

Mode | Register 


SWAP 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

0 

0 

0 

0 

1 


0 

0 

Register 


MOVEM Registers to EA 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

0 

0 

0 

1 

Sz 

Effective Address 











Mode | Register 


Sz field: 0 = word transfer 

1 = long word transfer 


EXTW 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

| 0 

1 

0 | 

0 

1 

0 | 

0 1 

0 

E 

0 

H 

o | 

1 0 1 

Register 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 


1 0 

1 0 

1 1 

1 0 

1 ° 

1 ° 

□: 

1 

H 

1 0 

1 0 

Register 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 


0 

1 

0 

0 

1 

0 

1 

0 

Size 

Effective Address 

Mode | Register 

Size field 

1:00 = byte 


01 = word 
11 = iong word 
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TAS 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

0 

1 

0 

0 

1 

0 

1 

0 

1 

1 


Effective Address 
Mode I Register 


ILLEGAL 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 0 

1 1 

0 

1 0 1 

m 

0 

0 

0 

Q] 

1 

1 1 

M 

1 

1 1 

0 

0J 

EA to Registers 

15 14 13 12 

ii 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

1 

0 

0 

i 

1 

0 

0 

1 

Sz 

Effective Address 

Mode | Register 


Sz field: 0 = word transfer 

1 = long word transfer 


TRAP 



15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

. 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

0 

Vector 

LINK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

0 

Register 

UNLK 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

0 

1 

0 

0 

1 

0 

1 

1 

Register 

MOVE to USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

0 

0 

Register 

MOVE from USP 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

0 

1 

Register 

RESET 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 0 

1 

L°J 

l°J 


i 


0 

a 

1 

i 

1 

1 0 

1 0 

1 0 

0 1 
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NOP 


15 14 13 12 11 10 9 8 


7 6 5 4 3 2 


1 


0 


STOP 


RTE 


RTS 


TRAPV 


RTR 


JSR 


JMP 


CHK 


LEA 


UL 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

i 

0 

0 

0 

1 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

□E 

i 

0 

0 

1 

1 

1 

o 

0 

i 

1 

i 

0 

0 

1 

0 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

nr 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

i 

0 

0 

1 

1 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

( IE 

i 

0 

0 

1 

1 

1 

0 

0 

1 

1 

i 

0 

1 

0 


15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

DE 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

i 

0 

1 

1 

o 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

□l 

1 

0 

0 

1 

1 

1 

0 

0 

1 

1 

i 

0 

1 

1 

' 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

0 

i 

0 

0 

1 

1 

1 

0 

1 

0 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

0 

1 

0 

0 

1 

1 

1 

0 

1 

1 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

0 

i 

0 

0 

Register 

1 

1 

0 

Effective Address 
Mode | Register 

15 

14 

13 

12 

ii 

10 

9 

8 

7 

6 

5 


4 

3 

2 

1 

0 

0 

1 

0 

0 

Register 

1 

1 

1 

Effective Address 
Mode | Register 
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C.7 ADD QUICK, SUBTRACT QUICK, SET CONDITIONALLY, 
DECREMENT INSTRUCTIONS 

ADDQ 


SUBQ 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 4 3 2 1 0 

0 

1 

0 

1 

Data 

0 

Size 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 10 9 

8 

7 6 

5 4 3 2 1 0 

0 

i 

0 

1 

Data 

1 

Size 

Effective Address 
Mode | Register 


Data field: Three bits of immediate data, 0,1-7, representing a range of: 8,1-7, 
respectively. 

Size field: 00 = byte 
01 = word 
10 = long word 


See 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


0 

1 

0 

1 

Condition 

1 

1 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 10 9 8 

7 

6 

5 

4 

3 

2 1 0 

0 

i 

0 

1 

Condition 

1 

T 1 

0 

0 

1 

Register 


Condition field: See Table C-3 


C.8 BRANCH CONDITIONALLY INSTRUCTION 

Bee 


15 

14 

13 

12 

11 10 9 8 

7 6 5 4 3 2 1 0 

1 0 

i 

1 

0 

Condition 

8-bit Displacement 

Condition field: See Table C-3 


BSR 


15 

14 

13 

12 

ii 

10 

9 

8 

7 6 5 4 3 2 1 0 

LAI 

m 

1 

L°J 

° 

L°J 

E 

1 

8-bit Displacement 


8-bit Displacement field: Twos complement integer representing the relative 
distance in bytes. If 0, 16-bit displacement is in extension word. 
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C.9 MOVE QUICK INSTRUCTION 
MOVEQ 


15 

14 

13 

12 

11 10 9 

8 

7 6 5 4 3 2 

i 

0 

1 0 

1 

1 1 

1 

Register 

0 

Data* 


*Data is sign extended to a long operand, and all 32 bits are transferred to the 
data register. 

C.10 OR, DIVIDE, SUBTRACT DECIMAL INSTRUCTIONS 
OR 


DIVU 


DIVS 


SBCD 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

0 

0 

0 

Register 

Op-Mode 

Effective Address 

Mode | Register 


Op-Mode field: Byte Word Long Operation 


000 001 010 (< Dn>) A (<ea>)—» < Dn> 

100 101 110 (<ea>) A (<Dn>)— <ea> 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 3 

2 1 0 

1 

0 

0 

0 

Register 

0 

i 

1 

Effective Address 

Mode | Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 3 

2 1 0 

1 

0 

0 

0 

Register 

1 

i 

1 

Effective Address 

Mode | Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 3 

2 1 0 


1 

0 

0 

0 

Destination 

Register* 

1 

0 

_1 

0 

0 

0 

R / 
M 

Source 

Register* 


R/M field: 0 = register-register 
1 = memory-memory 


*lf R/M =0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement addressing mode. 


C.11 SUBTRACT, SUBTRACT EXTENDED INSTRUCTIONS 


SUB 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

0 

0 

1 

Register 

Op-Mode 

Effective Address 

Mode | Register 


Op-Mode field: Byte Word Long Operation 


000 001 010 (<Dn>) + (<ea>)—<Dn> 
100 101 110 (<ea>) + (<Dn>)— <ea> 
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SUBX 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

0 

0 

1 

Destination 

Register* 

1 

Size 

0 

0 

R/M 

Source 

Register* 


R/M field: 0 = register-register 


1 = memory-memory 
*lf R/M =0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement addressing 
mode. 


C.12 COMPARE, EXCLUSIVE OR INSTRUCTIONS 
CMP 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

0 

1 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Op-Mode field: Byte 

Word 

Long 

Operation 

000 

001 

010 

(<Dn>)-(<ea>) 

CMPM 

15 14 13 12 11 

10 

9 8 

7 6 5 4 3 


1 

o 

1 

1 1 

Register 

1 

Size 

0 

0 

1 

Register 

15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

0 

1 

1 

Register 

1 

Size 

Effective Address 
Mode | Register 


Size field: 00 = byte 


01 = word 
10 = long word 


C.13 AND, MULTIPLY, ADD DECIMAL, EXCHANGE INSTRUCTIONS 
AND 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

1 

0 

0 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Op-Mode field: Byte Word Long 
000 001 010 

100 101 110 


Operation 

(<Dn>)-(<ea>)— <Dn> 
(<ea>)-(<Dn>)— <ea> 
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MULU 


MULS 


ABCD 


15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 

1 

0 

0 

Register 

0 

1 

1 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 

i 

0 

0 

Register 

1 

1 

1 

Effective Address 
Mode | Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 

1 

0 

0 

Destination 

Register* 

1 

0 

0 

0 

0 

R/M 

Source 

Register* 


R/M field: 0 = register-register 
1 = memory-memory 

*lf R/M = 0, specifies a data register. 

If R/M = 1, specifies an address register for the predecrement addressing 
mode. 


EXGD 


EXGA 


EXGM 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

1 

0 

0 

Data 

Register 

1 

0 

1 

0 

0 

0 

Data 

Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 

1 

0 

0 

Address 

Register 

1 

0 

1 

0 

0 

1 

Address 

Register 

15 

14 

13 

12 

11 10 9 

8 

7 

6 

5 

4 

3 

2 1 0 

1 

1 

0 

0 

Data 

Register 

1 

1 

0 

0 

0 

1 

Address 

Register 


C.14 ADD, ADD EXTENDED INSTRUCTIONS 
ADD 


15 

14 

13 

12 

11 10 9 

8 7 6 

5 4 3 2 1 0 

1 

1 

0 

1 

Register 

Op-Mode 

Effective Address 
Mode | Register 


Op-Mode field: Byte Word Long Operation 

000 001 010 (<Dn>) v (<ea>)—<Dn> 

100 101 110 (<ea>) v(<Dn>)—■ <ea> 
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ADDX 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 

3 

2 1 0 

1 

i 

0 

1 

Destination 

Register* 

1 

Size 

0 

0 

R/M 

Source 

Register* 


R/M field: 0 = register-register 
1 = memory-memory 
*lf R/M = 0, specifies a data register 

If R/M = 1, specifies an address register for the predecrement addressing mode. 


C.15 SHIFT/ROTATE INSTRUCTIONS 

Register 


15 

14 

13 

12 

11 10 9 

8 

7 6 

5 

4 3 

2 1 0 

1 

i 

1 

0 

Count/ 

Register 

dr 

Size 

i/r 

Type 

Register 


Count/Register field: If i/r field = 0, specifies count 

If i/r field = 1, specifies a data register that contains the 
count. 

dr field: 0 = right 
1 = left 

Size field: 00 = byte 
01 = word 
11 = long word 
i/r field: 0 = immediate count 
1 = register count 
Type field: 00 = arithmetic shift 
01 = logical shift 

10 = rotate with extend 

11 = rotate 


Memory 


15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 


1 

1 

1 

0 

0 

Type 

dr 

1 

1 

Effective Address 
Mode | Register 


Type field: 00 = arithmetic shift 


01 = logical shift 

10 = rotate with extend 

11 = rotate 
dr field: 0 = right 

1 = left 
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APPENDIX D 

INSTRUCTION EXECUTION TIMES 


D.1 INTRODUCTION 

This Appendix contains listings of the instruction execution times in terms of external 
clock (CLK) periods. In this data, it is assumed that both memory read and write cycle 
times are four clock periods. A longer memory cycle will cause the generation of wait 
states which must be added to the total instruction time. 

The number of bus read and write cycles for each instruction is also included with the 
timing data. This data is enclosed in parenthesis following the number of clock periods 
and is shown as: (r/w) where r is the number of read cycles and w is the number of write 
cycles included in the clock period number. Recalling that either a read or write cycle re¬ 
quires four clock periods, a timing number given as 18(3/1) relates to 12 clock periods for 
the three read cycles, plus 4 clock periods for the one write cycle, plus 2 cycles required 
for some internal function of the processor. 

NOTE 

The number of periods includes instruction fetch and all applicable operand 
fetches and stores. 


D.2 EFFECTIVE ADDRESS OPERAND CALCULATION TIMING 

Table D-1 lists the number of clock periods required to compute an instruction’s effective 
address. It includes fetching of any extension words, the address computation, and 
fetching of the memory operand. The number of bus read and write cycles is shown in 
parenthesis as (r/w). Note there are no write cycles involved in processing the effective 
address. 


Table D-1. Effective Address Calculation Timing 



Addressing Mode 

Byte, Word 

Long 

Dn 

Register 

Data Register Direct 

0(0/0) 

0(0/0) 

An 

Address Register Direct 

0(0/0) 

0(0/0) 

An@ 

Memory 

Address Register Indirect 

1 '/ 


An@ + 

Address Register Indirect with Postincrement 



An@ - 

Address Register Indirect with Predecrement 


■K HE 

An@(d) 

Address Register Indirect with Displacement 



An@(d, ix)* 

Address Register Indirect with Index 

10(2/0) 

14(3/0) 

xxx.W 

Absolute Short 

8(2/0) 

12(3/0) 

xxx. L 

Absolute Long 



PC@(d> 

Program Counter with Displacement 



PC@(d, ix)* 

Program Counter with Index 

10(2/0) 


/xxx 

Immediate 

4(1/0) 

8(2/0) 


'The size of the index register (ix) does not affect execution time. 
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D.3 MOVE INSTRUCTION CLOCK PERIODS 


Tables D-2 and D-3 indicate the number of clock periods for the move instruction. This 
data includes instruction fetch, operand reads, and operand writes. The number of bus 
read and write cycles is shown in parenthesis as: (r/w). 


Table D-2. Move Byte and Word Instruction Clock Periods 


Source 

D« 

tstination 

Dn 

An 

An@ 


An@- 

An@(d) 

An@(d,ix)* 

xxx.W 

xxx.L 

mm 

■ 

5POiS31 

8(1/11 

■ ...-.'A 

vnzn 

12(2/1) 

14(2/1) 






8(1/1) 


Eocli 

12(2/1) 

14(2/1) 






12(2/11 

12(2/1) 

12(2/1) 

16(3/1) 

18(3/1) 





■ 

12(2/1) 


12(2/1) 


18(3/1) 

16(3/1) 





14(2/1) 


14(2/1) 


20(3/11 

18(3/1) 

Fitful 



■wKfoll 

16(3/1) 

16(3/1) 

16(3/11 

E 

22(4/1) 



An@(d, ix)* 



18(3/1) 

18(3/1) 

18(3/11 


24(4/1) 

22(4/1) 

26(5/11 

xxx.W 



16(3/1) 

16(3/1) 

16(3/1) 


22(4/1) 

20(4/1) 

24(5/1) 

xxx. L 



20(4/1) 

20(4/1) 

20(4/1) 


26(5/1) 

24(5/1) 

28(6/1) 







20(4/1) 

22(4/1) 









22(4/1) 

24(4/1) 

22(4/1) 





■wETHm 



16(3/1) 

18(3/1) 

16(3/1) 



The size of the index register (ix) does not affect execution time. 


Table D-3. Move Long Instruction Clock Periods 


Source 

_ 

D 

estination 

On 

An 


An@ + 

An@ - 

An@(d) 

An@(d,ix)* 

xxx.W 

xxx.L 





12(1/2) 

14(1/2) 

16(2/2) 

18(2/2) 

16(2/2) 




m- - 


12(1/2) 

14(1/2) 

16(2/2) 

18(2/2) 

16(2/2) 



■Ml 



20(3/2) 

wsmm 

24(4/2) 

26(4/2) 

24(4/2) 

28(5/2) 

An@ + 




rwm 

EB 

24(4/2) 

26(4/2) 

24(4/2) 


An@ - 



22(3/2) 

11 El 

22(3/2) 

26(4/2) 

28(4/2) 

26(4/2) 


An@(d) 



24(4/2) 

24(4/2) 

24(4/2) 

28(5/2) 


28(5/2) 


An@(d, ix)* 

18(4/0) 


26(4/2) 

26(4/2) 


figgglH 

32(5/2) 

30(5/2) 

34(6/2) 

xxx.W 

16(4/0) 


24(4/2) 

24(4/2) 




28(5/2) 

3216/21 

xxx.L 

20(5/0) 


28(5/2) 

28(5/2) 


32(6/2) 

34(6/2) 

32(6/2) 

36(7/2) 

PC@(d) 

16(4/0) 

16(4/0) 

24(4/2) 

24(4/2) 

24(4/2) 

28(5/2) 

30(5/2) 

28(5/2) 

32(6/2) 

PC@(d, ix)* 

18(4/0) 

18(4/0) 

26(4/2) 

26(4/2) 

26(4/2) 


32(5/2) 

30(5/2) 

34(6/2) 

Ixxx 

12(3/0) 

12(3/0) 

20(3/2) 

20(3/2) 

20(3/2) 


26(4/2) 

24(4/2) 

28(5/2) 


'The size of the index register (ix) does not affect execution time. 
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D.4 STANDARD INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table D-4 indicates the time required to perform 
the operations, store the results, and read the next instruction. The number of bus read 
and write cycles is shown in parenthesis as: (r/w). The number of clock periods and the 
number of read and write cycles must be added to those of the effective address calcula¬ 
tion where indicated. 

In Table D-4, the headings have the following meanings: An = address register operand, 
Dn = data register operand, ea = an operand specified by an effective address, and 
M = memory effective address operand. 


Table D-4. Standard Instruction Clock Periods 


Instruction 

Size 

op < ea >, An 

op <ea>, Dn 

op Dn, <M> 

ADD 

Byte, Word 

8(1/0) + 

4(1/0) + 

8(1/1) + 

Long 

6(1/0) + ** 

6(1/0) + ** 

12(1/2) + 


Byte, Word 

- 

4(1/0) + 

8(1/1) + 

Long 

- 


12(1/2) + 

CMP 

Byte, Word 

6(1/0) + 

4(1/01 + 

- 

Long 

6(1/0) + 

6(1/0) + 

- 


- 

- 

158(1/0) + * 

- 

DIVU 

- 

- 

140(1/0) + * 

- 

EOR 

Byte, Word 

- 

4(1/0)*** 

8(1/1) + 

Long 

- 

8(1/0)*** 

12(1/2) + 

MULS 

- 

- 

70(1/0) + * 

- 

MULU 

- 

- 

70(1/0) + * 

- 

OR 

Byte, Word 


4(1/0) + 

8(1/1) + 

Long 


6(1/0) + ** 

12(1/11 + 

SUB 

Byte, Word 

8(1/0) + 

4(1/0) + 

8(1/1) + 

Long 

6(1/0) + ** 

6(1/0) + ** 

12(1/2) + 


+ add effective address calculation time 
' indicates maximum value 

** total of 8 clock periods for instruction if the effective address is register direct 
** only available effective address mode is data register direct 
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D.5 IMMEDIATE INSTRUCTION CLOCK PERIODS 


The number of clock periods shown in Table D-5 includes the time to fetch immediate 
operands, perform the operations, store the results, and read the next operation. The 
number of bus read and write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be added to those of the ef¬ 
fective address calculation where indicated. 

In Table D-5, the headings have the following meanings: # = immediate operand, 
Dn = data register operand, An = address register operand, and M = memory operand. 

Table D-5. Immediate Instruction Clock Periods 


Instruction 

Size 

op #, Dn 

op #, An 

op #, M 

ADDI 

Byte, Word 

8(2/0) 

- 

12(2/1) + 

Long 


- 

20(3/2) + 

ADDQ 

Byte, Word 


8(1/0)' 

8(1/1) + 

Long 

8(1/0) 

8(1/0) 

12(1/2) + 

ANDI 

Byte, Word 

■E2ES9I 

- 

12(2/1) + 

Long 

16(3/0) 

- 


CMPI 

Byte, Word 

8(2/0) 

8(2/0) 

8(2/0) + 

Long 

14(3/0) 

14(3/0) 

12(3/0) + 

EORI 

Byte, Word 

8(2/0) 

- 

12(2/1) + 

Long 

16(3/0) 

- 

20(3/2)+ 

MOVEQ 

Long 

4(1/0) 

- 

- 

ORI 

Byte, Word 


- 

12(2/1) + 

Long 

SUB 

- 

20(3/2) + 

SUBI 

Byte, Word 

■ER ■ 

- 

12(2/1) + 

Long 

16(3/0) 

- 

20(3/2) + 

SUBQ 

Byte, Word 

4(1/0) 

8(1/0)' 

8(1/1) + 

Long 

8TT701 

8(1/0) 

12(1/2) + 


+ add effective address calculation time 
'word only 


200 
































































D.6 SINGLE OPERAND INSTRUCTION CLOCK PERIODS 


Table D-6 indicates the number of clock periods for the single operand instructions. The 
number of bus read and write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be added to those of the ef¬ 
fective address calculation where indicated. 

Table D-6. Single Operand Instruction Clock Periods 


Instruction 

Size 

Register 

Memory 

CLR 

Byte, Word 

4(1/0) 

8(1/1) + 

Long 

6(1/0) 

12(1/21 + 

NBCD 

Byte 

6(1/0) 

8(1/1) + 

NEG 

Byte, Word 

4(1/0) 

8(1/1) + 

Long 


12(1/2) + 

NEGX 

Byte, Word 

4(1/0) 

8(1/11 + 

Long 

6(1/0) 

12(1/2) + 

NOT 

Byte, Word 

4(1/0) 

8(1/1) + 

Long 

6(1/0) 

12(1/2) + 

See 

Byte, False 

4(1/0) 

8(1/1) + 

Byte, True 

6(1/0) 

8(1/1) + 

TAS 

Byte 

4(1/0) 

10(1/1) + 

TST 

Byte, Word 

4(1/0) 

4(1/0) + 

Long 

4(1/0) 

4(1/0) + 


+ add effective address calculation time 


D.7 SHIFT/ROTATE INSTRUCTION CLOCK PERIODS 

Table D-7 indicates the number of clock periods for the shift and rotate instructions. The 
number of bus read and write cycles is shown in parenthesis as: (r/w). The number of 
clock periods and the number of read and write cycles must be added to those of the ef¬ 
fective address calculation where indicated. 

Table D-7. Shift/Rotate Instruction Clock Periods 


Instruction 

Size 

Register 

Memory 

ASR, ASL 

Byte, Word 

6 + 2n(1/0) 

8(1/1)+ 

Long 

8 + 2nl1/0) 

- 

LSR, LSL 

Byte, Word 

6 + 2nd /0) 

8(1/1) + 

Long 


- 

ROR, ROL 

Byte, Word 

6 + 2n(1/0) 

8(1/11 + 

Long 

8 + 2n(1/0) 

- 

ROXR, ROXL 

Byte, Word 

6 + 2n(1/0) 

8(1/1) + 

Long 

8 + 2n(1/0) 

- 


+ add effective address calculation time 
n is the shift count 
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D.8 BIT MANIPULATION INSTRUCTION CLOCK PERIODS 


Table D-8 Indicates the number of clock periods required for the bit manipulation instruc¬ 
tions. The number of bus read and write cycles is shown in parenthesis as: (r/w). The 
number of clock periods and the number of read and write cycles must be added to those 
of the effective address calculation where indicated. 


Table D-8. Bit Manipulation Instruction Clock Periods 


Instruction 

Size 

Dynamic 

Static 

Register 

Memory 

Register 

Memory 

BCHG 

Byte 

- 

8(1/1) + 

- 

12(2/1) + 

Long 

8(1/01* 

- 

12(2/0)* 

- 

BCLR 

Byte 

- 


- 


Long 

1011/0)* 

- 


- 

BSET 

Byte 

- 

8(1/1) + 

- 

12(2/1) + 

Long 


- 

12(2/0)* 

- 

BTST 

Byte 

- 

4(1/0) + 

- 

8(2/01 + 

Long 

6(1/0) 

- 

''1 

- 


+ add effective address calculation time 
* indicates maximum value 


D.9 CONDITIONAL INSTRUCTION CLOCK PERIODS 

Table D-9 indicates the number of clock periods required for the conditional instructions. 
The number of bus read and write cycles is indicated in parenthesis as: (r/w). The number 
of clock periods and the number of read and write cycles must be added to those of the 
effective address calculation where indicated. 


Table D-9. Conditional Instruction Clock Periods 


Instruction 

Displacement 

Trap or Branch 
Taken 

Trap or Branch 

Not Taken 

Bcc 

Byte 

10(2/0) 

8(1/0) 

Word 

10(2/0) 

12(2/0) 

BRA 

Byte 

10(2/0) 

- 

Word 

10(2/0) 

- 

8SR 

Byte 

18(2/2) 

- 

Word 

18(2/2) 


DB C C 

CC true 

- 

12(2/0) 

CC false 

10(2/0) 

14(3/0) 

CHK 

- 

40(5/3)+ * 

8(1/0)+ . 

TRAP 

- 

34(4/3) 

- 

TRAPV 

- 


4(1/0) 


+ add effective address calculation time 
* indicates maximum value 
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0.10 JMP, JSR, LEA, PEA, MOVEM INSTRUCTION CLOCK PERIODS 


Table D-10 indicates the number of clock periods required for the jump, jump to 
subroutine, load effective address, push effective address, and move multiple register in¬ 
structions. The number of bus read and write cycles is shown in parenthesis as: (r/w). 


TABLE 0-10. JMP, JSR, LEA, PEA, MOVEM Instruction Clock Periods 


Instr 

Size 

An@ 

MSH 

An@ - 

An@(d) 

An@(d, ix)* 

xxx.W 

xxx.L 

PC@(dl 

PC@(d, ix)* 


- 

8(2/0) 

- 


MIITJil 

14(2/0) 

HE0Z2B 

12(3/0) 

moon 

14(3/0) 


- 


- 

- 


22(2/2) 

18(2/2) 



22(2/2) 


- 


- 

- 

8(2/0) 

12(2/0) 


12(3/0) 

8(2/0) 

12(2/0) 


- 


- 

- 


20(2/2) 


20(3/2) 







- 




20 + 4n 






- 




(5+n/0) 





MBmim 

12 + 8n 

(3 + 2n/0) 

- 

16 + 8n 

(4 + 2n/0) 

18 + 8n 

(4 + 2n/0) 

16 + 8n 

(4 + 2n/0) 

20 + 8n 

15 + 2n/0) 

16 + 8n 

(4+ 2n/0) 

18 + 8n 

(4 + 2n/0) 

S 

Word 

n 

- 



14 +5n 


16 + 5n 

— 

- 



- 



(3/n) 


(4/n) 


- 

R — M 

Long 

8+ lOn 

(2/2n) 

- 

8+ lOn 

(2/2n) 

12+ lOn 

(3/2n) 

14+ lOn 

(3/2n) 

12+ lOn 

(3/2n) 

16+1 On 

(4/2n) 

- 

- 


n is the number of registers to move 

*the size of the index register (ix) does not affect the instruction's execution time 


D.11 MULTI-PRECISION INSTRUCTION CLOCK PERIODS 

Table D-11 indicates the number of clock periods for the multi-precision instructions. The 
number of clock periods includes the time to fetch both operands, perform the opera¬ 
tions, store the results, and read the next instructions. The number of read and write 
cycles is shown in parenthesis as: (r/w). 

In Table D-11, the headings have the following meanings: Dn = data register operand and 
M = memory operand. 


Table D-11. Multi-Precision Instruction Clock Periods 


Instruction 

Size 

op Dn, Dn 

op M, M 

ADDX 

Byte, Word 

4(1/0) 

18(3/1) 

Long 

8(1/0) 

30(5/2) 

CMPM 

Byte, Word 

- 

12(3/0) 

Long 

- 

20(5/0) 

SUBX 

Byte, Word 

4(1/0) 

18(3/1) 

Long 

8(1/0) 

30(5/2) 

ABCD 

Byte 

6(1/0) 

18(3/1) 

SBCD 

Byte 

6(1/0) 

18(3/1) 
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D.12 MISCELLANEOUS INSTRUCTION CLOCK PERIODS 

Tables D-12 and D-13 indicate the number of clock periods for the miscellaneous instruc¬ 
tions listed. The number of bus read and write cycles is shown in parenthesis as: (r/w). 
The number of clock periods and the number of read and write cycles must be added to 
those of the effective address calculation where indicated. 

Table D-12. Miscellaneous Instruction Clock Periods 


Instruction 

Register 

Memory 


Instruction 

Register 

Memory 

ANDI to CCR 

20(3/0) 



MOVE from USP 

4(1/0) 

- 

ANDI to SR 

20(3/0) 

■ 


NOP 

4(1/0) 

- 

EORI to CCR 

20(3/0) 



ORI to CCR 

20(3/0) 

- 

EORI to SR 

20(3/0) 



ORI to SR 

20(3/0) 

- 

EXG 




RESET 

1320/0) 

- 

EXT 

4(1/0) 



RTE 

20(5/0) 

- 

LINK 

18(2/2) 



RTR 

20(5/0) 

- 

MOVE to CCR 

12(2/0) 

12(2/0) + 


RTS 

16(4/0) 

- 

MOVE to SR 

12(2/0) 

12(2/01 + 


STOP 

4(0/0) 

- 

MOVE from SR 

6(1/0) 

8(1/1) + 


SWAP 

40/0) 

- 

MOVE to USP 

. 4(1/0) 

- 


UNLK 

12(3/0) 

- 


+ add effective address calculation time 


Table D-13. Move Peripheral Instruction Clock Periods 


Instruction 

Size 

Register—Memory 

Memory — Register 

MOVEP 

Word 

16(2/2) 

16(4/0) 


Long 

24(2/4) 

24(6/0) 


D.13 EXCEPTION PROCESSING CLOCK PERIODS 

Table D-14 indicates the number of clock periods for exception processing. The number 
of clock periods includes the time for all stacking, the vector fetch, and the fetch of the 
first Instruction of the handler routine. The number of bus read and write cycles is shown 
in parenthesis as: (r/w). 

Table D-14. Exception Processing Clock Periods 


Exception 

Periods 

Address Error 

50(4/7) 

Bus Error 

50(4/7) 

Interrupt 

44(5/31* 

Illegal Instruction 

34(4/3) 

Privileged Instruction 

34(4/3) 

Trace 

34(4/3) 


* The interrupt acknowledge bus cycle is assumed 
to take four external clock periods 
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APPENDIX E 
PREFETCH 


E.1 INTRODUCTION 

The MC68000 uses a two-word tightly coupled instruction prefetch mechanism to 
enhance performance. This mechanism is described in terms of the microcode opera¬ 
tions involved. If the execution is defined to begin when the microroutine for that instruc¬ 
tion is entered, some features of the prefetch mechanism can be described. 

1. When execution of an instruction begins, the operation word and the word follow¬ 
ing have already been fetched. The operation word is in the instruction decoder. 

2. In the case of multiword instructions, as each additional word of the instruction is 
used internally, a fetch is made to the instruction stream to replace it. 

3. The last fetch from the instruction stream is made when the operation word is 
discarded and decoding is started on the next instruction. 

4. If the instruction is a single-word instruction causing a branch, the second word is 
not used. But because this word is fetched by the previous instruction, it is impossi¬ 
ble to avoid this superfluous fetch. In the case of an interrupt or trace exception, 
both words are not used. 

5. The program counter usually points to the last word fetched from the instruction 
stream. 


E.2 INSTRUCTION PREFETCH 

The following example illustrates many of the features of instruction prefetch. The con¬ 
tents of memory are assumed to be as illustrated in Figure E-1. 



ORG 

0 

DEFINE RESTART VECTOR 


DC.L 

INISSP 

INITIAL SYSTEM STACK POINTER 


DC .L 

RESTART 

RESTART SYSTEM ENTRY POINT 


ORG 

INTVECTOR 

DEFINE AN INTERRUPT VECTOR 


DC.L 

INTHANDLER 

HANDLER ADDRESS FOR THIS VECTOR 


ORG 


SYSTEM RESTART CODE 

RESTART: 

NOP 


NO OPERATION EXAMPLE 


BRA .S 

LABEL 

SHORT BRANCH 


ADD .W 

DO , D1 

ADD REGISTER TO REGISTER 

LABEL: 

SUB .W 

DISP(AO),Al 

SUBTRACT REGISTER INDIRECT WITH OFFSET 


CMP .W 

D2,D3 

COMPARE REGISTER TO REGISTER 


SGE.B 

D7 

See TO REGISTER 

INTHANDLER: 




MOVE.W 

LONGADRl,LONGADR2 

MOVE WORD FROM AND TO LONG ADDRESS 


NOP 


NO OPERATION 


SWAP. W 


REGISTER SWAP 

Figure E-1. 

Instruction Prefetch Example, Memory Contents 


The sequence we shall illustrate consists of the power-up reset, the execution of NOP, 
BRA, SUB, the taking of an interrupt, and the execution of the MOVE.W xxx.L to yyy.L. 
The order of operations described within each microroutine is not exact, but is intended 
for illustrative purpose only. 
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Microroutine 

Operation 

Reset 

Read 

Read 

Read 

Read 

Read 

Read 

< begin NOP> 

NOP 

Read 

< begin BRA> 

BRA 

PC = PC + d 

Read 

Read 

< begin SUB> 

SUB 

Read 

Read 

Read 

< begin CMP> 

INTERRUPT 

Write 

Write 

Read 

Write 

Read 

Read 

Read 

Read 

< begin MOVE> 

MOVE 

Read 

Read 

Read 

Read 

Read 

Write 

Read 

<begin NOP> 


Location 

Operand 

0 

SSP High 

2 

SSP Low 

4 

PC High 

6 

PC Low 

(PC) 

NOP 

+ (PC) 

BRA 

+ (PC) 

ADD 


(PC) 

SUB 

+ (PC) 

DISP 

+ (PC) 

CMP 

DISP(AO) 

<src> 

-t- (PC) 

SGE 

<take INT > 


-(SSP) 

PC Low 

-(SSP) 

PC High 

< INT ACK> 

Vector # 

-(SSP) 

SR 

(VR) 

PC High 

+ (VR) 

PC Low 

(PC) 

MOVE 

+ (PC) 

xxx High 

+ (PC) 

xxx Low 

+ (PC) 

yyy High 

XXX 

<src> 

+ (PC) 

yyy Low 

-4- (PC) 

NOP 

yyy 

<dest> 

-P (PC) 

SWAP 


Figure E-2. Instruction Prefetch Example 


E.3 DATA PREFETCH 

Normally the MC68000 prefetches only instructions and not data. However, when the 
MOVEM instruction is used to move data from memory to registers, the data stream is 
prefetched in order to optimize performance. As a result, the processor reads one extra 
word beyond the higher end of the source area. For example, the instruction sequence in 
Figure E-3 will operate as shown in Figure E-4. 





MOVE TWO 

Assume Effective Address Evaluation is Already Done 




LONGWORDS 






MOVEM. L 

A,D0/D1 

INTO REGISTERS 

Microroutine 

Operation 

Location 

Other Operations 

A 

DC .W 

1 

WORD 1 

MOVEM 

Read 

A 


B 

DC.W 

2 

WORD 2 




Prepare to Fill DO 

C 

DC .W 

3 

WORD 3 


Read 

B 

A— DOH 

D 

DC.W 

4 

WORD 4 


Read 

C 

B—DOL 

E 

DC.W 

5 

WORD 5 




Prepare to Fill D1 

F 

DC.W 

6 

WORD 6 


Read 

D 

C—* D1H 






Read 

E 

D— D1L 


Detect Register List Complete 


Figure E-3. Figure E-4. 

MOVEM Example, Memory Contents MOVEM Example, Operation Sequence 
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APPENDIX F 

MC68451 MEMORY MANAGEMENT UNIT 


F.1 INTRODUCTION 

The MC68451 Memory Management Unit (MMU) provides address translation and protec¬ 
tion for the 16 megabyte addressing range of the MC68000 processor. Each bus master 
(or processor) in the M68000 family provides a function code and an address during each 
bus cycle. The function code specifies an address space and the address specifies a 
location within that address space. The function codes distinguish between user and 
supervisor spaces and, within these, between data and program spaces. This separation 
of address spaces provides the basis for memory management and protection by the 
operating system. Provision is also made for other bus masters, such as the MC68450 
Direct Access Controller (DMAC), to have separate address spaces for efficient direct 
memory access. A multitasking operating system is simplified and reliability is enhanc¬ 
ed through the use of a memory management unit. 

The MC68451 is the basic element of a memory management mechanism in an MC68000- 
based system. The operating system is responsible for ensuring the proper execution of 
user tasks in the system environment, and memory management is basic to this respon¬ 
sibility. The memory management mechanism provides the operating system with the 
capability to allocate, control, and protect the system memory. A block diagram of a 
memory management mechanism using a single MMU is shown in Figure F-1. 

A memory management mechanism implemented with one or more MC68451 MMUs can 
provide address translation, separation, and write protection for the system memory. The 
memory management mechanism can be programmed to cause an interrupt when a 
chosen section of memory is accessed, and can directly translate a logical address into 
a physical address, making it available to the processor for use by the operating system. 
Using these features, the memory management mechanism can provide separation and 
security for user programs and allow the operating system to manage the memory in an 
efficient fashion for multitasking. 


F.2 MEMORY SEGMENTS 

The memory management mechanism partitions the logical address space into con¬ 
tiguous pieces called segments. Each segment is a section of the logical address space 
of a task which is mapped via the memory management mechanism into the physical ad¬ 
dress space. Each task may have any number of segments. Segments may be defined as 
user or supervisor, data-only or program-only, or program and data. They may be access¬ 
ed by only one task or shared between two or more tasks. In addition, any segment can 
be write protected to ensure system integrity. If an undefined segment is accessed, a 
FAULT is generated by the MMU and applied to the bus error input of the processor. 
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Figure F-1. Memory Management Mechanism Block Diagram 


F.3 FUNCTION CODES AND ADDRESS SPACES 

Each bus master in the M68000 family provides a function code during each bus cycle to 
indicate the address space to be used for that cycle. The address bus then specifies a 
location within this address space for the operation taking place during that bus cycle. 

The function codes appear on the FC0-FC2 lines of the MC68000 and divide the memory 
references into two logical address spaces — the supervisor and the user spaces. Each 
of these is further divided into program and data spaces. A separate address space is 
also provided for interrupt acknowledge bus cycles giving a total of five defined function 
codes. 

In addition to the 3-bit function code provided by the MC68000, the MMU also allows a 
fourth function code line (FC3) which provides for the possibility of another bus master in 
the system. In this case, FC3 would be tied to bus grant acknowledge input of the 
MC68000 to enable a second set of eight function codes. This raises the total number of 
possible function codes to sixteen. If there is only one bus master (the MPU), the FC3 pin 
of the MMU should be tied low and only eight address spaces used. 


F.4 ADDRESS SPACE NUMBERS 

To separate the address spaces of different tasks, each address space is given an identi¬ 
fying number. This should not be confused with the address space indicated by the func¬ 
tion code. Each function code defines a unique address space and within each of these 
there can exist a number of different tasks. Each of these tasks needs an address space 
number (ASN) to distinguish it from the other tasks with which it may share an address 
space. 
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The address space numbers are kept In the MMU in a set of registers called the address 
space table (AST). The AST contains an 8-bit entry for each possible function code (16). 
Each entry can be assigned an address space number and, during a bus cycle, the func¬ 
tion code is used to index into this table to select the cycle address space number. This 
number Is then associatively compared with the address space number in each descrip¬ 
tor to attempt to find a match. 


F.S DESCRIPTORS 

Address translation is done using descriptors. A descriptor is a set of six registers (nine 
bytes) which describes a memory segment and how that segment Is to be mapped to the 
physical addresses. Each descriptor contains base addresses for the logical and 
physical spaces of each segment. These base addresses are then masked with the 
logical address masks. The size of the segment is then defined by "don’t cares” in the 
low-order bits of the masks. This method allows segment sizes from a minimum of 256 
bytes to a maximum of 16 megabytes in binary increments (i.e., powers of two). This also 
forces both logical and physical addresses of segment boundaries to lie on a segment 
size boundary. That is, a segment can only start on an address which is a multiple of 2 k . 
The segments can be defined so that they are physically shared between tasks. A func¬ 
tional block diagram of an MC68451 MMU is shown in Figure F-2. 



Physical Address 


Figure F-2. MC68451 Functional Block Diagram 


During normal translation, the MMU translates the logical address provided by the 
MC68000 to a physical address which is then presented to the memory array. This is ac¬ 
complished by matching the logical address with the information in the descriptors and 
then mapping it into the physical address space. 
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The logical address is composed of address lines A1-A23 as shown in the memory 
management mechanism block diagram, Figure F-1. The upper 16 bits of this address 
(A8-A23) are translated by the MMU and mapped into a physical address (PA8-PA23). The 
lower seven bits of the logical address (A1-A7) bypass the MMU and become the low- 
order physical address bits (PA1-PA7). 


F.6 MMU REGISTER DESCRIPTION 

A programmer’s model of the MMU is shown in Figure F-3. The MMU register consists of 
two groups: the descriptors and the system registers. Each of the 32 descriptors is nine 
bytes long and defines one memory segment. 


Descriptors (32) 


Logical Base Address 

Logical Address Mask 

Physical Base Address 

Address Space 
Number 

Segment Status 
Register 

Address Space 
Mask 






System Registers 


\+— 8 Bits-►! 



Table 


ACO 

AC2 

AC4 

AC6 

AC8 


-8 Bits--8 Bits-► 

Logical Base Address/Translation Register 

Logical Address Mask 

Physical Base Address 

/Translation Register 

Address Space 
Number 

Segment Status 
Register 

Address Space 

Mask 



AC1 

AC3 

AC5 

AC7 


Accumulator 



7 

6 

5 

4 

3 

2 

1 

0 

Descriptor Pointer 




DP4 

DP3 

DP2 

DPI 

OPO 

Interrupt Vector Register 




IV4 

IV3 

IV2 

IV1 

IVO 

Global Status Register 

F 

DF 






IE 

Local Status Register 

L7 

L6 

L5 

L4 

RW 

GAT 

GAL 

LIP 

Interrupt Descriptor Pointer 

NVI 



14 

13 

12 

11 

10 

Result Descriptor Pointer 

NVR 



R4 

R3 

R2 

R1 

R0 


Address 

$29 

$2B 

$2D 

$2F 

$39 

$3B 


Figure F-3. MC68451 Programmers Model 
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The system registers contain both information local to the MMU and information global 
to the memory management mechanism. Each bit in the system registers and the seg¬ 
ment status registers, except the address space table, is one of four types: 

Control Control bits can be set or cleared by the processor to select 

MMU options. These are read/write bits. 

Status Alterable Status alterable bits are set or cleared by the MMU to indicate 
status information. These are also read/write bits. 

Status Unalterable Status unalterable bits are set or cleared by the MMU to reflect 
status information. These bits cannot be written by the pro¬ 
cessor. 


Reserved Reserved bits are reserved for future expansion. They cannot be 

written and are zero when read. 


The system registers are all directly addressable from the physical address space. Ac¬ 
cessing these registers causes certain operations to be performed. The descriptors are 
not directly addressable, but are accessed using the descriptor pointer and the ac¬ 
cumulator. 


in the following discussion, a segment access is defined as a successful match occur¬ 
ring on a segment during normal translation. 


F.6.1 DESCRIPTORS. Each MMU contains 32 descriptors (0-31), each of which can define 
one memory segment. A descriptor is loaded by the processor using the accumulator and 
descriptor pointer with a load descriptor operation. The segment status register (SSR) 
can be written to indirectly by the processor using the descriptor pointer. Each descriptor 
consists of the following registers: 

Logical Base Address (LBA) Address Space Number (ASN) 

Logical Address Mask (LAM) Address Space Mask (ASM) 

Physical Base Address (PBA) Segment Status Register (SSR) 


F.6.1.1 Logical Base Address (LBA). The logical base address register is a 16-bit register 
which, together with the logical address mask, defines the logical addressing range of a 
segment. This is typically the first address in the segment, although it can be any ad¬ 
dress within the range defined by the logical address mask. 


F.6.1.2 Logical Address Mask (LAM). The logical address mask is a 16-bit mask which 
defines the bit positions in the logical base address register which are to be used for 
range matching. Ones, in the mask, mark significant bit positions while zeroes indicate 
“don’t care” positions. A range match occurs if, in each bit position in the logical ad¬ 
dress mask which is set to one, the logical base address register matches the incoming 
logical address. The matching function is depicted schematically in Figure F-4. 
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LAM(n) 


Match(n) 


LBA(n) 



Note: LA(n) Indicates Bit N of Logical Address 

Figure F-4. Schematic Representation for Address Matching 

F.6.1.3 Physical Base Address (PBA). The physical base address register is a 16-bit 
register which, together with the logical address mask and the incoming logical address, 
is used to form the physical address. The logical address is passed through to the 
physical address in those bit positions of the logical address mask which contain zeroes 
(the “don’t cares”) and the physical base address is gated out in those positions which 
contain ones. A schematic representation of the physical address generation 
mechanism is shown in Figure F-5. 



PA(n) 


Figure F-5. Schematic Representation of Physical Address Generation 


F.6.1.4 Address Space Number (ASN). The address space number is an 8-bit number 
which, together with the address space mask, is used in detecting a match with the cycle 
address space number. 


F.6.1.5 Address Space Mask (ASM). The address space mask is an 8-bit mask which 
defines the significant bit positions in the address space number to be used in descriptor 
matching. As in the logical address mask, the bit positions which are set are used for 
matching and the bit positions that are clear are “don’t cares.” A space match occurs if, 
in the significant bit positions, the cycle address space number matches the address 
space number. Address space matching is schematically similar to logical address 
matching as shown in Figure F-4. 


F.6.1.6 Segment Status Register (SSR). Each descriptor has an 8-bit segment status 
register. The segment status register can be written to in two ways: using the load 
descriptor operation or indirectly using the descriptor pointer in a write status register 
operation. Each bit is labeled as control or status alterable. Bits 5 and 6 are reserved for 
future use. 





Address 

Indirect through Descriptor Pointer 


U U (Used) is set by the MMU if the segment was accessed since it was defined. This 
bit is status alterable. 

Set: a) by a Segment access (successful translation using the segment) 

b) by an MPU write of “1” 

Cleared: a) Reset (in segment #0 of master) 
b) MPU write of “0” 

I If the I (Interrupt) control bit is set, an interrupt is generated upon accessing the seg¬ 
ment. 

Set: a) MPU writes "I” 

Cleared: a) MPU writes “0” 

b) Reset (segment #0 of master) 

IP IP (Interrupt Pending) is set if the “I” bit is set when the segment is accessed. IRQout 
is asserted if an IP bit, in one or more SSRs, is set and IE in the global status register 
is set. IRQout is negated when ail the IP bits in all SSRs are clear or IE is cleared. IP 
is status alterable and should be cleared by the interrupt service routine. 

Set: a) Segment access and “1” is set 

b) MPU writes “1” 

Cleared: a) MPU writes a “0” 

b) Reset (in segment #0 of master) 

c) E bit is a “0” 

M The M (Modified) bit is set by the MMU if the segment has been written to since it 
was defined. The M bit is status alterable. 

Set: a) Successful write to the segment 

b) MPU writes a “1” 

Cleared: a) MPU writes a “0” 

b) Reset (segment #0 in master) 

WP If the WP (Write Protect) control bit is set, the segment is write protected. A write ac¬ 
cess to the segment with WP set will cause a write violation. 

Set: a) MPU writes a “1” 

Cleared: a) MPU writes a “0” 

b) Reset (segment #0 in master) 

E E (Enable) is a control bit which, when set, enables the segment to participate in the 
matching process. E can be cleared (the segment disabled) by a write to the SSR, but 
a load descriptor operation must be performed to set it. 

Set: a) Load descriptor with AC7, bit #0 

b) Reset (segment #0 in master) 

Cleared: a) MPU writes a “0” 

b) Unsuccessful load descriptor operation on this descriptor 

c) Load descriptor operation with AC7, bit #0 clear 
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F.6.2 SYSTEM REGISTERS. The system registers consist of: 

Address Space Table (AST) Descriptor Pointer (DP) 

Accumulator (AC0-AC8) Result Descriptor Pointer (RDP) 

Global Status Register (GSR) Interrupt Descriptor Pointer (IDP) 

Local Status Register (LSR) Interrupt Vector Register (IVR) 

F.6.2.1 Address Space Table (AST). Each MMU has a local copy of the address space 
table. This table is organized as sixteen 8-bit, read/write registers located starting at ad¬ 
dress $00. Each entry is programmed by the operating system with a unique address 
space number, each of which is associated with a task. During a memory access, the 
MMU receives a 4-bit function code (FC0-FC3) which is used to index into the address 
space table to select the cycle address space number. This number is then used to check 
for a match with the address space number in each of the 32 segment descriptors. 

Only the MC68000 microprocessor and the MC68450 direct memory access controller on¬ 
ly provide a 3-bit function code. In a system with more than one bus master, the bus grant 
acknowledge signal from the processor could be inverted and used as the fourth bit, FC3. 
This would result in the address space table organization shown in Figure F-6. 




User Data 
User Program 

Supervisor Data 
Supervisor Program 
Interrupt Acknowledge 


Figure F-6. Address Space Table Organization 
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F.6.2.2. Accumulator (AC0-AC8). The accumulator (Figure F-3) is used to access the 
descriptors, perform direct translation, and latch information during a fault. The ac¬ 
cumulator consists of nine 8-blt registers. The register assignments for each operation In 
which it participates is shown in Table F-1. 

The contents of the accumulator can be either local or global depending on the 
preceding operations. The global accumulator for load and global accumulator for 
translate bits In the local status register (LSR) indicate whether the information in the ac¬ 
cumulator is sufficiently global to perform a load descriptor or direct translation opera¬ 
tion. 


Table F-1. Accumulator Assignments for Operation 


Register 

Assignment 

Load/Read Descriptor 

Direct Translation 

Normal Translation (Fault) 

ACO 

Logical Base Address (MSB) 

Logical Translation Register (MSB) 

Logical Address (MSB) 

AC1 

Logical Base Address (LSB) 

Logical Translation Register (LSB) 

Logical Address (LSB) 

AC2 

Logical Address Mask (MSB) 



AC3 

Logical Address Mask (LSB) 



AC4 

Physical Base Address (MSB) 

Physical Translation Register (MSB) 


AC5 

Pysical Base Address (LSB) 

Physical Translation Register (LSB) 


AC6 

Address Space Number 

Address Space Number 

Cycle Address Space Number 

AC7 

Segment Status 



AC8 

Address Space Mask 




F.6.2.3 Global Status Register (GSR). The global status register is an 8-bit register used 
to reflect faults and to enable interrupts from an MMU. All MMUs maintain identical infor¬ 
mation in their global status registers. Bits 1,2,3,4, and 5 are reversed for future use. The 
organization of the global states register is shown below. 



7 

6 

5 

4 

3 

2 

1 

0 

GSR 

F 

DF 






IE 1 


Address 

$2D 


F 


F (Fault) is a status alterable bit that is set by the MMU whenever FAULTin is 
detected. Clearing the F bit automatically clears bits L4-L7 in the local status 
register. 


Set: 


a) Write v iolation detected in this MMU 

b) FAULTin detected (write violation in another MMU) 

c) ALLin detected (Undefined Segment Access) 

d) MPU writes a “1” 


Cleared: a) 
b) 


Reset asserted 
MPU writes a “0” 


DF DF (Double Fault) is set if a FAULTin signal was detected with F set. DF is a status 
alterable bit. 


Set: 

Cleared: 


a) FAULTin detected and F was previously set 

b) MPU writes a “1” 

a) Reset 

b) MPU writes a “0” 
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IE If IE (Interrupt Enable) is set, the interrupt-request line is enabled. This is a read/write 
control bit. 

Set: a) MPU writes a “1” 

Cleared: a) Reset 

b) MPU writes a “0” 


F.6.2.4 Local Status Register (LSR). The local status register is an 8-bit register which 
reflects information local to its MMU. The local status register can be globally written but 
the global accumulator for load, global accumulator for translate, and local interrupt 
pending bits will not be affected. Bits L4-L7 are cleared If the fault line in the global 
status register is cleared. All bits in the local status register are cleared on reset. The 
organization of the local status register is shown below. 



7 

6 

5 

4 

3 

a 

1 

0 

LSR 

L7 

L6 

L5 

1 u 

RW 

GAT 

GAL 

UP 1 


Address 

$2F 


RW RW is a status alterable bit which reflects the state of the RAW pin at the time 
FAULTin is asserted. 


Set: 

Cleared: 


a) MPU writes a “1” 

b) Read of segment when F in SSR is set 

a) Reset 

b) MPU writes a “0” 

c) Write of segment when F in SSR is set 


GAT GAT (Global Accumulator for Translate) is set by the MMU if ACO, AC1, and AC6 are 
globally consistent. 

Set: a) If ACO, AC1, and AC6 are globally consistent (they were last 

modified as a result of a global write) 

Cleared: a) Reset 

b) If ACO, AC1, and AC6 are not globally consistent 

GAL GAL (Global Accumulator for Load) is set if ACO, AC1, AC2, AC3, AC6, and AC8 are 
globally consistent. 

Set: a) If ACO, AC1, AC2, AC3, AC6, and AC8 are globally consistent 

Cleared: a) Reset 

b) If ACO, AC1, AC2, AC3, AC6, and AC8 are not globally consistent 

LIP LIP (Local Interrupt Pending) is set if one or more descriptors have IP set in their seg¬ 
ment status registers. 

Set: a) If IP is set in any descriptor 

Cleared: a) Reset 

b) If all IP bits are clear 

L4- The status information encoded in L4-L7 reflects the status of the MMU after the last 
L7 event (an operation or fault). These bits are encoded and changed as a unit. They are 
cleared whenever the F bit in the GSR is cleared and are alterable by the MPU. 
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L7 L6 L5 L4 
0 0 0 0 
10 0 0 

10 0 1 

10 10 

110 0 


NO The MMU was not the source of the last event. 

DT A direct translation was locally successful. A match was found in 
one of the MMUs descriptors. 

LD A load descriptor fault occurred. A previously defined descriptor 
conflicts with the descriptor being loaded. 

USA An undefined segment access was attempted. The logical address 
was not matched in any descriptor in the MMU. 

WV A write violation occurred. A segment defined in this MMU was write 
protected and a write to that memory segment was attempted. The 
NVR bit in the RDP will show whether the USA or WV occurred in this 
MMU. 


Set: 

Cleared: 


a) Various bits set if DT, LD, USA, or WV occur 

b) MPU writes a “1” 

a) Reset 

b) MPU writes a "0” 

c) When F bit in GSR is cleared 

d) If MMU was not the source of the last event (NO) 


F.6.2.5 Descriptor Pointer (DP). The descriptor pointer is an 8-bit read/write pointer 
register located at address $29. The five low-order bits identify the descriptor to be used 
in the load descriptor, read segment status (transfer descriptor), and write segment 
status operations. Bits 5, 6, and 7 are reserved. 

The descriptor pointer is initialized to $00 on reset. It can be globally written by the pro¬ 
cessor. The descriptor pointer is loaded by the memory management mechanism with 
the number of the descriptor matched in a direct translation operation to allow a subse¬ 
quent transfer descriptor operation to load the matched descriptor into the accumulator. 


F.6.2.6 Result Descriptor Pointer (RDP). The result descriptor pointer is an 8-bit, read-only 
register that identifies a descriptor involved in the following events: a write violation, a 
load descriptor failure, or a direct translation success. The result descriptor pointer is 
loaded from a priority encoder which determines the highest priority descriptor involved. 
For example, in a load descriptor operation, more than one descriptor currently in the 
MMU may collide with the descriptor being loaded. Only the number of the highest priori¬ 
ty descriptor will be loaded into the result descriptor pointer. Descriptor 0 is considered 
to be the highest priority and 31 is the lowest. 
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The bit assignments are shown below. Bits 5 and 6 are reserved. The result descriptor 
pointer is initialized to $80 on reset. 



7 

6 

5 

4 

3 

2 

i 

0 

RDP| 

NVR 



R4 

R3 

R2 

R1 1 

R0 


Address 

$3B 


NVR If no descriptor is selected by the priority encoder when the RDP is loaded, NVR 
(No Valid Result) is set, otherwise it is cleared. This bit is status unalterable. 
Set: a) Reset 

b) No result from WV, LD, or DT 
Cleared: a) A WV, LD failure of DT success in this MMU 

R0- 

R4 R0-R4 encode the number of the descriptor selected by the priority encoder 


F.6.2.7 Interrupt Descriptor Pointer (IDP). The interrupt descriptor pointer is an 8-bit read¬ 
only register that is read to determine which descriptor caused an interrupt. Each time it 
is read, the interrupt descriptor pointer is loaded from the priority encoder with the 
highest-priority descriptor which has the interrupt pending bit in its segment status 
register set. If no descriptor has an interrupt pending bit set, the no valid interrupt bit is 
set. 

The bit assignment is shown below. Bits 5 and 6 are reserved. 


7 

6 

5 

4 

3 

2 

1 

0 

NVI 



14 

13 

12 

1 11 

10 1 


Address 

$39 


NVI NVI is set if no descriptor has IP set, otherwise it is cleared. 

10-14 These bits encode the number of the descriptor selected by the priority encoder. 


F.6.2.8 Interrupt Vector Register (IVR). The interrupt vector register is an 8-bit read/write 
register containing the interrupt vector. Its contents are put on data lines D0-D7 during 
the interrupt acknowledge operation to provide the processor with a vector number. The 
interrupt vector register is initialized to $0F (the MC68000 uninitialized-device vector 
number) on reset. 


F.7 MMU OPERATIONS 

Table F-2 shows the operations which can be performed. Each operation is initiated by 
the access of an address given on the register select lines RS1-RS5 and the upper and 
lower data strobes. The access can be from either the logical or physical address bus. In 
a multiprocessor system, an external processor could access the memory management 
mechanism from the physical address bus. If the access is from the logical address bus, 
an address translation is first performed. If the access is from the physical address bus, 
the operation state is entered directly from the idle state. 
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Table F-2. Summary of IUIMU Functions 


Function 

Summary 

Idle 

The MMU backs off the bus to prepare for a new access. 

Reset 

The MMU is pre-emptively initialized. 

Normal Translation 

The MMU attempts to translate an access from the logical address bus. 

Operations 

The MMU is accessed from the logical or physical bus. 

Write System Registers 

An operation to globally write system registers. 

Read System Registers 

An operation to read the system registers. 

Write Segment Status 

The SSR of a descriptor can be quickly changed using this operation. The enable bit cannot 
be set using it, however. 

Load Descriptor 

With this operation, the contents of the accumulator are loaded into the descriptor pointed to by 
the descriptor pointer. 

Transfer Descriptor 

This operation transfers the contents of the selected descriptor into the accumulator. 

Direct Translation 

An operation to globally translate a logical address for the operating system. 

Interrupt Acknowledge 

An operation that supplies a vector number to the MPU in response to IACK. 


The operation phase Is always entered with PAD0-PAD15 in the high-impedance state 
and e ither (in the case of an operation following a normal translation) one MMU asserting 
HAD to hold the physical address, or (in the case of an access from the physical bus) the 
external processor holding the address. If both chip select and either the upper or lower 
data strobe is asserted or interrupt acknowledge and interrupt request in are asserted, 
the MMU asserts ED to enable the data transceivers. 

If interrupt acknowledge and interrupt request in are asserted, an interrupt acknowledge 
operation is performed. If chip select and either the upper or lower data strobe is 
asserted, the memory management mechanism determines which operation to perform 
by decoding the register select lines and the read/write line. These signals tell which 
register is associated with the operation, which operation to perform, and whether the 
operation is local or global. 

After each operation, data transfer acknowledge is asserted to indicate to the processor 
that the operation is_finished. When the processor negates the data strobe, data transfer 
acknowledge and ED are rescinded and PAD0-PAD15 are placed in the high-impedance 
state. If address strobe is negated, or had been negated since the last normal transla¬ 
tion, the MMU enters the idle state. 

After the data transfer acknowledge handshake, if address strobe remains asserted and 
chip select and either the upper or lower data strobe is asserted, another master opera¬ 
tion is performed. If address strobe remains asserted and GOin and either the upper or 
lower data strobe is asserted, another slave operation is performed. 


F.7.1 OPERATIONS ADDRESS MAP. Table F-3 shows the operations address map. Each 
system register has an address at which it can be read or written. In addition, some ad¬ 
dresses do not correspond to a register, but rather designate an operation to be perform¬ 
ed by reading that location. 

The data strobes are logically separate and operations using both are independent. The 
operation ends when both data strobes are negated. 
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N: Null Operation 


*RS0 is an internal signal 

If UPS = 0 and LDS=1 — RS0 = 0 
If UDS = 1 and LDS = 0 — RS0= 1 
If UDf=0 and LDS = 0 — RSO=X 
If UDS = 1 and LDS = 1 — RSO = X 


Table F-3. Register Operations Address Map 
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Some addresses are reserved for future expansion. Any access to an unused location will 
result in a null operation. If the access is a read, the appropriate byte of the data bus is 
driven high. If the access is a write, no side-effect occurs. 


F.7.2 LOCAL OPERATIONS. Some operations, such as reading the status registers, af¬ 
fect only one MMU. These are called local operations. Local operations include: 

Interrupt Acknowledge Transfer Descriptor 

Read System Register Write Segment Status Register 


F.7.2.1 Interrupt Acknowledge. The interrupt acknowledge operation is performed if in¬ 
terrupt acknowledge and interrupt request in are asserted at the beginning of the opera¬ 
tion phase. During interrupt acknowledge, the contents of the interrupt vector register 
are placed on data lines D0-D7 to provide the processor with a vector number. 


F.7.2.2 Read System Register. Each system register has an address at which it can be 
read. Each MMU should be chip selected at a different location to access the registers in 
each. During a processor read of the interrupt descriptor pointer, it is first loaded from 
the priority encoder and then gated onto data lines D0-D7. 


F.7.2.3 Transfer Descriptor. In order to read the contents of a descriptor, it must be 
transferred into the accumulator and read from there. The descriptor pointer is first writ¬ 
ten by the processor with the number of the descriptor desired. The transfer descriptor 
operation is then performed by reading from the segment status register address ($31). 

The contents of the selected descriptor is then transferred into the accumulator as 
shown in Table F-1 and the contents of the segment status register are gated onto data 
lines D0-D7. The descriptor registers may then be read from the accumulator. 


F.7.2.4 Write Segment Status Register. The segment status register of any descriptor 
can be written using the descriptor pointer as a pointer. Any bit may be written except the 
enable bit. Enable may be cleared using this operation but it may not be set. 


F.7.3 GLOBAL OPERATIONS. A global operation is one which is performed in parallel on 
ail MMUs in the system. Global operations include: 

Writes to System Registers 
Load Descriptor Operation 
Direct Translation 

In global operation, one MMU must be the master and the rest must be slaves. The opera¬ 
tion begins with chip select and either the upper or lower data strobe asserted on one 
MMU. The MMUwith chip select asserted becomes the master for that operation. The 
master asserts GOout and, upon detecting GOin as true, the other MMUs become slaves 
in the operation. 


221 



If there is only one MMU present in the system, the ANY, ALL, and 55 pins must be tied 
to Vcc through pull-up resistors. Global operations then become local only. 


F.7.3.1 Write System Register. Each system register that can be written to is written 
globally. This includes: the accumulator, the address space table, the descriptor pointer, 
the interrupt vector register, and the local and global status registers. The operation is 
performed by writing to the desired register’s address. 

The MMU which has chip select asserted becomes the master by asserting 50out. The 
other MMUs detect GOin and become slaves. Each MMU transfers the data on the data 
bus to the selected register. If the write is to a byte of the accumulator, that register Is 
marked as global. If the fault bit in the global status register is clear, local status register 
bits L4-L7 are also clear. 

When the transfer is completed in each MMU, each will assert ALLout. After all MMUs 
have asserted ALLout, ALLIn will be true and, upon detecting ALLin, the master rescinds 
GO. 


F.7.3.2 Load Descriptor Operation. Descriptors are loaded by transferring the contents of 
the accumulator to the descriptor after performing global checks for collisions. A colli¬ 
sion exists when two or more enabled descriptors are programmed to translate the same 
logical address. 

To prepare for descriptor loading, the accumulator must be loaded globally with the 
logical base address, logical address mask, address space number, and address space 
mask. To make global collision checks, accumulators AC6 and AC8 must have been 
globally loaded. If they are, the global accumulator for load bit in the local status register 
of each MMU Is set. To initiate the operation, a read from the address $3F is done. If the 
load is successful, the data bus will be set to $00. If a collision is found, the load Is unsuc¬ 
cessful and the data bus is set to $FF. 

During the load descriptor operation, the MMU with chip select asserted becomes the 
master by asserting GOout. The other MMUs detect GOin and become slaves. The slave 
MMUs decode the operation from the register select lines, the read/write line, and the 
data strobes. The descriptor whose number is in the descriptor pointer is disabled (its 
enable bit is cleared so that it cannot cause a collision). 

If the global accumulator for load bit in the global status register of a slave is clear, bits 
LA4-LA7 in the loc al sta tus register are encoded to indicate that a load descriptor fault 
has occurred and ANYout is asserted. If global accumulator for load is set, the slave 
checks the enabled des cript ors against its accumulator for collisions. If a conflict is 
found, the slave asserts ANYout and loads Its result descriptor pointer with the number 
of the descriptor which caused the collision. If no collision is detected, bits L4-L 7 in the 
local status register are cleared. When 50in is detected, ALLout and ANYout are 
negated and the operation ends. 

The master aborts the transfer if t here is a local descriptor conflict, the global ac¬ 
cumulator for load bit is clear, or if ANYin Is asserted. If the failure was not local, bits 
L4-L7 in the local status register are cleared. Otherwise, bits L4-L7 are encoded for a load 
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descriptor fault and ANYout is asserted by the master. The master then puts $FF on data 
Ijnes to indicate a failure to the processor, negates ALLout and ANYout, and rescinds 
GOout. When ANYin is negated, the operation is terminated. 

If there were no local collisions, its global accumulator for load bit was set, and ALLin is 
asserted, the master completes the transfer and enables the loaded descriptor. It then 
puts $00 on D0-D7 to indicate success, clears L4-L7, negates ALLout, and rescinds 
GOout. 


F.7.3.3 Direct Translations. The memory management mechanism can be used to direct¬ 
ly translate the logical address into a physical address and make it available to the pro¬ 
cessor in the accumulator. The logical address to be translated is globally loaded into ac¬ 
cumulator AC0-AC1 and the address space number to be used is loaded into ac¬ 
cumulator AC6. Translation is initiated with a read from the address $3D. 

If the translation is successful, the descriptor pointer and result descriptor pointer point 
to the descriptor which performed the translation and the physical address is loaded into 
accumulator AC4-AC5. The processor reads $00 from the data bus. 

If the logical address could not be translated because it was globally undefined, the data 
bus is set to $FF to indicate the failure. 

Using accumulator AC6 to supply the cycle address space number, each MMU attempts 
to match the logical address contained in accumulator AC0-AC1 with one of its enabled 
descriptors. Each MMU must have the same information in accumulator ACO, AC1, and 
AC6. The global accumulator for translate bit in the local status register is set if these 
registers have each been globally loaded. 

If a match is found and global accumulator for translate bit is set, the physical address is 
formed as in normal translation and put into accumulator AC4-AC5. The result descriptor 
pointer and descriptor pointer are loaded from the priority encoder and bits L4-L7 in the 
local status register are encoded to indicate direct translation. The master puts $00 on 
data lines D0-D7 to signal that the translation was successful and rescinds GO to ter¬ 
minate the operation. 

If no match is found, or the global accumulator for translate bit is clear, the MMU asserts 
ALLo ut and bits L4-L7 In the local status register are cleared. The master monitors the 
ANYin and ALLin inputs. 

if ANYin becomes asserted, then another MMU performed the translation. The_master 
puts $00 on data lines D0-D7 to indicate success, negates ALLout, and rescinds GOout. It 
waits until ANYin is negated before terminating the operation. 

If ALLin becomes asserted, then none of the MMUs performed the translation. The 
master puts $FF on data lines O0-D7 to indicate failure, neg ates ALLout, and rescinds 
GOout to terminate the operation. Each slave MMU negates ANYout and ALLout when 
the master MMU rescinds GO at the end of the operation. 
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F.8 MMU FUNCTIONAL DESCRIPTION 


The memory management mechanism is comprised of one or more memory management 
units. Each MMU is capable of describing thirty-two segments. If more than thirty-two 
segments are required in the system, more MMUs can be added to increase the number 
in 32-segment increments. 

In order to perform its operations, some of the information in the MMU’s registers must 
be global. That is, it must be duplicated in all the MMUs in the system. For example, the 
address space table must be global to ensure that the address space numbers are com¬ 
mon to all MMUs. To allow this, certain operations are defined as global. Any system 
register that can be written is written globally. This includes the accumulator, the ad¬ 
dress space table, the descriptor pointer, the interrupt vector register, the global status 
register, and the local status register. The result descriptor pointer and the interrupt 
descriptor pointer are read-only and, therefore, are local and not global. 

The ANY, ALL, and GO signal lines are used to connect multiple MMUs to form the 
memory management mechanism. The memory management mechanism uses these in¬ 
put/output signals to communicate information between MMUs and maintain functional 
unity. The global operation (GO) pin is use d to establish the master-slave relationship 
between MMUs for a given operation. The ANY signal is detected as true if any MMU 
asserts it, allowing MMUs to report conditions that are important in even one device. The 
ALL signal is detected as true only if all MMUs assert it. It is used to verify that all MMUs 
in the system have performed some operation or are in the same state. A sample circuit 
diagram of a two-MMU system is shown in Figure F-7. 

During each global operation, one MMU is specified as the master; all others are 
designated as slaves. The MMU which has its chip select asserted becomes the master 
by asserting the GOout signal. This signals the other MMUs that they are slaves for that 
operation. Note that all MMUs may be accessed and, therefore, any one may be the 
master for a given operation. 


F.8.1 MMU FUNCTIONAL STATES. At any time, an MMU may be in one of five states: 
Reset 
Idle 

Normal Translation 
Local Operations 
Global Operations 

In a global operation, an MMU may be a master (if the chip select signal is asserted) or a 
slave (if GOin is asserted). In addition, two actions can occur regardless of the current 
state: 

1. If RESET is asserted, the Reset operation b egins. The memory management 
mechanism will remain in the Reset state until RESET is negated. 

2. IRQout is asserted if local interrupt pending bit in the local status register and in¬ 
terrupt enable bit in the global status register are set, otherwise it is placed in the 
high-impedance state and should be negated with a pullup resistor. 
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Figure F-7. Sample Circuit Diagram of a Two-MMU Memory Management Mechanism 
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F.8.1.1 Reset State. Asserting RESET will initiate the reset sequen ce re g ardle ss o f the 
state of the MMU. During reset, GO, data transfer acknow ledg e, ED , MAS, HAD, and WIN 
signals are rescinded. The physical address po rt, FAUL T, a nd AN Y lines are placed in the 
high-impedance state. Pullup resistors on the FAULT and ANY lines keep these signals 
negated. The ALL pin is driven low to negate it. 

The global status register, local status register, descriptor pointer, and the entire ad¬ 
dress space table are initialized to $00. The result descriptor pointer is Initialized to $80 
and the interrupt vector register to $0F. All descriptors are disabled by clearing the 
enable bits in their segment status registers. 

in order to allow the address bus to function before the operating system can initialize 
the memory management mechanism, one MMU is selected to have descriptor #0 in¬ 
itialized so that it maps any logical address unchanged to the physical address bus. The 
MMU Is selected for this by having its chip select line asserted during Reset. This circuit 
is shown in the diagram in Figure F-7. 

Descriptor zero in the selected MMU will have had its logical address mask and address 
space number cleared to $00, its address space mask set to $FF, and the enable bit set. 
Because of this, the logical address passes to the physical address bus (via descriptor 
zero) without alteration. The enable bits of descriptors 1-31 are cleared to zero to disable 
them and their contents remain uninitialized. If the MMU is not chip selected during 
reset, the enable bits in all descriptors are cleared and no descriptor is initialized. 


F.8.1.2 Idle States. The idle state is used to terminate bus accesses and prepare for new 
ones. The MMU is “backed-off” the bus; i.e., the data transceivers are placed in the high- 
impedance state and the address latches are put In to th e transparent mode. The outputs 
are d riven to the same levels as in reset except that HAD is rescinded one-half clock after 
MAS to provide address hold time. 

While in the idle state, the MMU uses the function code inputs to index into the address 
space table to provide the cycle address space number. If address strobe is asserted, a 
normal translation is performed. If address strobe is negated and chip select, interrupt 
acknowledge, interrupt request in, GO, and the data strobes indicate an access from the 
physical bus, an operation is performed. 


F.8.2 NORMAL ADDRESS TRANSLATION. At the start of a bus cycle, the processor 
presents the logical address, read/write signal, and the function code to the memory 
management mechanism. The function code is used to index into the address space 
table to select the cycle address space number. When address strobe is asserted, the 
normal translation phase begins by sending the cycle address space number, the logical 
address, and the read/write signal to each descriptor for matching. 

NOTE 

The function codes must be valid before address strobe is asserted to allow for 
the table lookup. Current versions of the MC68000 provide this setup time; 
however, early mask set (R9M, T6E) do not. With these early mask sets, address 
strobe must be delayed to the MMU. 
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F.8.2.1 Matching. Matches can occur in two areas: range and space. 

A range match occurs if, in each bit position in the logical address mask which is set, the 
incoming logical address matches the logical base address. 

A space match occurs if, in each bit position in the address space mask which is set, the 
cycle address space number matches the address space number. 


F.8.2.2 Translation. An address match occurs if there is a range match and a space 
match. A write violation occurs if a write is attempted to a write-protected segment. If 
there is an address match in a descriptor and no write violation, the physical address is 
formed from the physical base address of that descriptor and the logical address. The 
logical address is passed through in those bit positions in the logical address mask 
which are clear (the “don’t cares”). In the other bit positions, the physical base address is 
gated out to the physical address bus. 

The used and, if the cycle was a write, the modified bits in the segm ent s tatus register 
are set. If the interrupt bit is set, then the interrupt pending bit is set. WIN is asserted if 
the write pro tect bit is set and the cycle was a read or a read-modify-write. If the cycle 
was a write, MAS is not asserted to prevent the write from modifying data. 

Afte r the physical address is stable, MAS is asserted to indicate a valid address is on the 
bus. HAD is asserted to hold the address stable on the latches and the PAD0-PAD15 lines 
are then placed in the high-impedance state. If address strobe is then negated, the cycle 
has terminated and the MMU returns to the idle state. If address strobe is not negated, 
the cycle can continue in three ways: 

1. Chip select or interrupt acknowledge and interrupt request in are asserted, the 
MMU will begin an operation as a master. 

2. If GOin is detected by an MMU it will begin a slave operation. 

3. If a high-to-low transition is detected on the read/write line, indicating a write, ad¬ 
dress strobe remains asserted and the matched segment is write protected, a write 
violation occurs. This would be the result of a read/modify/write bus cycle on a pro¬ 
tected segment. 


F.8.2.2.1 WRITE VIOLATION. If an address match occurs but the bus cycle was a write to 
a write protected segment, a write violation occurs. In this case, the result descriptor 
pointer is loaded from the priority encoder, the fault bit is set in the global status register, 
and the double fault bit is set if the fault bit was previously set. The state of the 
read/write line is latched into the read/write bi t of the local status register and bits L4-L7 
are encoded to indicate write violation. The FAULTout signal is then asserted for five 
clock cycles or until address strobe is negated, whichever is greater. 

The logical address is latched into ACO (MSB) and AC1 (LSB) of the accumulator. The cy¬ 
cle address space number is latched into AC6. These registers are marked as non-global 
with r espect to the global accumulator for translate and global accumulator for load bits. 
If the FAULT pin has been connected to the bus error pin on the MC68000, address strobe 
will be negated as the processor begins the bus error exception processing. When ad¬ 
dress strobe is negated, the MMU will enter the idle state. 
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F.8.2.2.2 NO ADDRESS MATCH. If none of the descriptors in a MMU has an address 
match, that MMU asserts ALLout and monitors MASin, FAULTin, and ALLin, There are 
then three possibilities: 

1. The access was successfully translated in another MMU. 

2. The access caused a write violation in another MMU. 

3. The access was to a globally undefined segment. 


F.8.2.3 External Translation. If MASin becomes asserted, the access was successfully 
translated by another MMU. The MMU negates ALLout and prepares to end the normal 
translation phase. The cycle can then continue in one of three ways: 

1. If address strobe becomes negated, the MMU returns to the idle state. 

2. If chip select, or interrupt acknowledge and interrupt request in are asserted, the 
MMU begins an operation as a master. 

3. If GOin is detected true, the MMU begins an operation as a slave. 


F.8.2.3.1 EXTERNAL WRITE VIOLATION. If the FAULTin line is detected true (low), a write 
violation occurred in another MMU. The detecting MMU then sets the fault bit in the 
global status register and the double fault bit if the fault bit was already set. Read/write 
line state is latched into the read/write bit of the local status register and bits L4-L7 are 
cleared to show that the violation did not take place in this MMU. The cycle can then con¬ 
tinue in one of the three ways described in paragraph F.8.2.3. 


F.8.2.3.2 UNDEFINED SEGMENT ACCESS. If ALLin is detected true (high), none of the 
other MMUs in the system obtained a match, indicating the segment is globally undefin¬ 
ed. The MMU sets the fault bit in the global status register and the double fault bit if fault 
bit was set previously. Read/write line state is latched Into the read/write bit of the local 
status register and bits L4-L7 are encoded to show an undefined segment access. 

The logical address is latched into the accumulator, ACO (MSB) and AC1 (LSB) and the cy¬ 
cle address space number is latched into AC6. These registers are marked non-global 
with respect to the global accumulator for load and global accumulator for translate bits. 


All MMUs assert the FAULT line for five clock periods or until address strobe is negated, 
whichever is longer. To assure the detection of ALLin by ail MMUs, ALLout remains 
asserted for two clock cy cles after ALLin is detected true. ALLout is negated before the 
beginning of the FAULT pulse. When address strobe is negated, the memory manage¬ 
ment mechanism returns to the idle state. 


F.9 SOFTWARE CONSIDERATIONS 


F.9.1 SEGMENT MAPPING EXAMPLE. In constructing segments, the size of a given seg¬ 
ment is determined by the logical address mask. Although there are no constraints on 
which bits are significant, one approach Is to allow only contiguous, low order zeroes 
("don’t care”). With this constraint, if there are N zeroes, the size of the segment is 
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2 ( 8 + N) bytes. Since the seven low-order address lines bypass the MMU, the smallest 
possible segment is 128 words (256 bytes). 

In the logical address space, a segment defined this way extends from the address form¬ 
ed by the logical base address with zeroes in the “don’t care” positions in the logical ad¬ 
dress mask to the address formed by the logical base address with ones in the “don’t 
care” bit positions. In the physical address space, the segment extends from the address 
formed by the physical base address with zeroes in the “don’t care” bit positions in the 
logical address mask to the address formed with ones in the “don’t care” positions. 


Figure F -8 shows an example memory map. In this example, the map has been divided 
between two users and the operating system. The user tasks each have three segments: 
A, B, and C. The operating system also has three segments: O, V, and R. 
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■ 
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Address Space Number (ASN) 

FF 

80 

80 

01 

01 

01 

02 


02 

Address Space Mask (ASM) 

FF 

80 

80 

7F 

7F 

7F 

7F 

* 

7F 


Figure F-8. Address Map Example 

Segment R maps the logical addresses unchanged to the physical address space, but on¬ 
ly for address space number $00. This segment is automatically generated in descriptor 
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zero in the master MMU on reset. Segments O and V also belong to the operating 
system and are accessed only by address space numbers with bit 7 set. This is an 
arbitrary assignment and need not be followed. 

Segments 1A, IB, and 1C belong to user number one, and are accessed by address space 
numbers $01 and $81. User 1 would be assigned address space number $01 and the 
operating system would use $81 to access those segments. A parallel situation exists 
with user 2. 

Note that segments 1A and 2A are isolated from each other even though they share the 
same logical addresses. User 1 is prevented from accessing the same memory as user 2 
because his address space number does not match segment 2A. Segments can overlap 
in physical memory, however, as 1C and 2C do here. 

Note the manner in which segments 1B and 2B are defined. Here the logical and physical 
base addresses are considered to be the top of the segment rather than the bottom. This 
is useful in describing push-down, pop-up stacks which grow towards low memory. The 
same segment can be described in the other way also. An alternate descriptor for seg¬ 
ment IB is given below. 


Descriptor 

IB 

Logical Base Address 

$4000 

Logical Address Mask 

$C000 

Physical Base Address 

$8000 

Address Space Number 

$01 

Address Space Mask 

$7F 


F.9.2 SEGMENTATION. Since segment sizes must be multiples of two, multiple descrip¬ 
tors can be used to map a segment of non-binary size. For example, a segment of 70K 
bytes could be constructed using two descriptors: one of 64K bytes and one of 8K bytes, 
losing 2K bytes to internal fragmentation. A purely binary system would allocate 128K 
bytes, wasting 62K bytes. 


F.9.3 PAGING. If each segment is the same size, a paged system could be implemented. 
The used and modified bits in the segment status registers allow a variety of placement 
algorithms and the use of virtual memory. 

The memory management mechanism supports virtual processing. The 16 bits of the 
logical address, t he cyc le address space number, and the state of the read/write lines are 
latched during a FAULT to provide enough information for an auxiliary processor to fix a 
page fault. 


F.9.4 INITIALIZATION SOFTWARE. After a reset (power-on or processor initiated), the 
master MMU (the MMU for which chip select was asserted during reset) will map the 
logical addresses unchanged into the physical address space using descriptor zero. This 
will allow the processor to fetch its supervisor stack and program counter (If it was a 
power-on reset) and begin executing the operating system initialization routine. See the 
MC68000 Data Sheet for more information. 
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The operating system would then set up descriptors for itself and system resources 
(such as the MMU). To enable a descriptor, the operating system loads the descriptor 
number in the descriptor pointer register, and the logical base address, logical address 
mask, physical base address, address space number, and address space mask into the 
accumulator. 

The processor then reads from the appropriate physical address to begin the loading 
operation. The memory management mechanism globally checks for conflicts and loads 
and enables the descriptor if none are found. As a result of the read, the processor gets a 
status byte in the low byte of the word. The status will read $00 if the load was successful 
and $FF if there was a conflict, if a conflict occurred, the result descriptor pointer can be 
used to find the highest priority conflicting descriptor. 

A descriptor can be quickly disabled by writing to its segment status register. The inter¬ 
rupt and write protect bits can be programmed and the used and modified bits can be 
cleared, but the enable bit can only be set by a load descriptor operation. 

Descriptors would then be set up for the user tasks and a task would be selected to ex¬ 
ecute. Address space table entries ASTI and AST2 would then be loaded with the ad¬ 
dress space number of the task to be run. These are the address spaces for user data and 
user program in the MC68000. The program counter and status register to be used by the 
task are then pushed onto the system stack. The processor then executes an RTE in¬ 
struction which fetches the status register and program counter off the stack. The status 
register should have had the supervisor state bit cleared so that the processor will enter 
the user state and its accesses are then mapped through ASTI and AST2 to start the user 
task. 

To return to the operating system from a user task, a watchdog timer could be used to in¬ 
terrupt the processor. The exception processing caused by this would switch the pro¬ 
cessor to the supervisor state and the supervisor address spaces would be mapped by 
the operating systems descriptors. 


F.9.5 CONTEXT SWITCHING. Switching the MMU from one user task to the other is very 
efficient. Suppose two user tasks were present in memory and the processor had return¬ 
ed to the operating system as described above. To switch tasks, the operating system 
would change ASTI and AST2 to the address space number of the user task which it 
wished to execute. It would then push the new status register and program counter on 
the stack and execute an RTE. 

Switching between two supervisor tasks is more complex. If AST5 and AST6 are changed 
while the processor is in the supervisor state, subsequent accesses are immediately 
mapped through the new address space. A Move Multiple (MOVEM) instruction using the 
predecrement mode followed by an illegal instruction can be executed to perform the 
switch. The processor fetches the MOVEM and the illegal instruction, alters AST6 and 
AST5 (data entry last), then traps through the illegal instruction routine to the new super¬ 
visor task. A flag (possibly the illegal instruction opcode) is used to distinguish between 
normal illegal instructions and attempts to switch tasks in this matter. 

Another method is to have a task in the user space perform the switch. The supervisor 
stack pointer is set up, the processor alerts the status register to put itself in the user 
state, AST5 and AST6 are changed, and the processor traps to the supervisor task. 
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